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MAT HEMATICES. 


CONTAINING „ 


| It teacheth the Art of Gauging, Dialling, Fortifi- | 


| Theſaurarimm Mathematics : 


OR THE 


TREASURY 


UF-:1.H E 


Variety of uſeful Practices in Arithmetick, 


Geometry, Trigonometry, Aſtronomy, Geegrophy, 
Navigation and Surveying. N 


AS ALSO 


| The Menſuration of Board, Glaſs, Tiling, 


Paving, Timber, Stone and Irregular Solids» 
LIKEWISE : 


cation, Military-Orders and Gunnery: Explains the Loga- 


| Arithmerick, %c. To which is annex 'da Table of 1coco 
Lozarithms, Log-Sines and Log-Targents, — 
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| Nluftrated with ſeveral Mathematical Sculitures on Opp Plates. 
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Originally Compos d by J. TayLos, Gent. 


And now carefully Revisd and Corrected. 
To which is added, The Uſe and practice of ſcveral Propoſi- 


tions and Problems throughout the whole Work, as alſo the Deſcription and 
VUſe of both Globes, and ſome of the chieteſt Mathematical Inſtruments both 
for Sea and Land, With many otherconſiderable additions and [mprovemcnts, 
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By W. Alinghamy, Teacher of the Mathemat ichs. 


printed by J. L. for . Freeman, at the Bible againſt 


; — Aidale. Temple. Gate in Flee fect. 1707. 
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To the READER. 
T the Requeſt of my Friend T undertook the 
A Reviſal and Improvement of this Book, the 
doing whereof has coſt me a great deal of 
Time and Pains, but I hope it will redound to thy 
great Benefit and Satisfaction. 
have nicely Examimed the ſeveral Problems and 
- Propoſitions throughout the whole Work, and have 
made ſuch Corrections, Alterations and Improvements 
as I thought neceſſary, and do hope and think that 
this is now render d the moſt uſeful Book that was 
ever yet Publiſhed on the Subject, in ſo Plain, Con- 
 pendious and Pratfical a manner, but that I muſt ſub- 
mit to the udicious and Candid Reader. 


with their Uſes under their reſpeitrve Heads, As 
alſo one Entire Trat of Coſmography (which ' may 
ſerve as a very neceſſary Introduction to the Aſtrono- 
mical and Geographical Part of thzs Book) A Deſcri- 
ption and Uſe of the Globes, after-a New, very Eaſie 
and Compendious Method. And laſtly, A Deſcription 
| and the Uſe of ſeveral of the Principal and moſt ſe- 
ful Mathematical Inſtruments, which will be of great. 
Advantage to the Reader being found together ; and 
baue endeavour'd to render this Treaſury of the 
Mathematicks as Uſeful and Practical az I coud, 
= ard ſhall only wiſh the Reader Pleaſure in the Peru- 


WH ot thereof and Succeſs in all bis Studies, and remain 


his hearty Well-wiſher 
"Chanel. Row, POR and Servant, 

Nov. 1ſt. 1906. 3 = 

W. Alingham. 


I have added many new Problems and Propoſitions | | 


Te f Ae. 
"TL OW admirably profitable the Study of the Mathema- 
ticks has been to theſe Britiſh Iflands, and to all other 
Piarts of the Univerſe in which any kind of good Lear- 
ning has been eſteem d and practis d, is well known to all 
wiſe and judicious Men, And indeed it is an undeniable 
Truth, that among all humane Arts and Sciences whatſoever, 
the Noble Science Mathematical has obtain d the greateſt 
evidence of certainty, as being the Queen of Truth that im- 
poſeth nothing on her Subjects but what ſhe proves by moſt 
infallible Demonſtrations, 5 „ 
Wow this Prerogative reſults from the Verity and Per- 
fpicuity of its Principles, which conſiſt of Definitions, Po- 
ſtulats and Axioms. Hence comes it to paſs that all Propo- ' 
ſitions that are prov'd by thoſe moſt infallible Precepts are 
call d certain demonſtrative Truths; for which canſe it has 
been the endeavonr of ſundry Philoſophers, to make the force 
of their Arguments ( as far as the quality of their diſcourſe. 
would admit) amount unto Mathematical Demonſtrations, 
as being the moſt convincias Proof of a Propoſition that by 
humane reaſoning can be given. as 1 
Now having for divers Tears (amongſt my ot her Studies) 
been converſant in the Study of the Mathematicks, and for 
my own private uſe compil d this Treatiſe, never in the lea(# 
im ending it ſhould have appear'd in publick in this nice and 
Critical Age; bat it by chance falling into the Hands of ſome 
of my Mathematical Friends and Acquaintance, I have at 
their Requeſt condeſtended to Publiſh it, tho not without 4 
725 + fog ix my own mind to expoſe my ſelf in any pub- 
Het. e 
But this Difficulty being overcome, I ſhall give the Im- 
partial Reader to underſtand, that I have faithfully compi- 
led this Treatiſe from the beſt of Authors (and my own Ex- 
perience ) that I have contratted their various Works into 
this little Cabinet or choice Compendium of the Mathema- 
ticks, in which he will find the whole Subject clearly and 
intelligibly handled : I have und à plain and eaſie Method: 
I have labour'd to be as plain and perſpicuous. as poſſible : I 
have applyd ſuch Examples to each as may beſt e 
8 | . | | Heir 
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The PREFACE. 


z5 the Spontaneaus at of every good Mun. 
But if this (hall chance to fall into the Hands of any curi- 
045 conceited Perſon, wha thinks himſelf wiſer than the reſt 


Wof the World, and ſo he beginneth enviouſly to carp hereat, 

and like a Country Cur back at my back fide, to him I ſhall. 

in modeſty only ſay, | 

Wliena curiosc obſervare : you propria negotia rectè agere. 
e 


Facilius eſt unicuivis noſtrum a- 


'Tis much eaſier for thoſe captious Readers ts carp than to 


75 cop). | | | 
F the Collections of Authors ſhall offend any, and ſo pro- 
care the ſame cenſure with the Jackdaw, as our learn- 
ed Poet kath long ſince caution d againſt —— 


Ne, fi forte ſuas repetitum venerit olim 
_ Grex avium plumas, moveat cornicula riſum, 


Þ 


Furtivis nudata coloribss. 1 
I would have ſuch contentious Readers bnow, that I have 


robbed no Man of the Honour of his Works, but have given 
Wo each his due; only I have borrow'd ſome choice things of 
hem, which is no more than what the muſt learned have al- 
ay, done. 8 | . DW 
Thus, Courteous and Impartial Reader, 'tis only for thee 

hat 1 have taken theſe Pains, and have ſubmitted to the 
WP blication hereof, and it is to thee the future parts of my 


tudy (hall be ſerviceable, hoping that thou wilt find ſucceſs 


Wn all thy Studies according to thy deſire and endeauonr ; 
vich are and ſhall be the hearty wiſhes of him who is 


Thine and Urania's 


Servant, 


: John Taylor. 


their Operation, he moſt eaſie for memory, and applicable to 
practice; here is indeed Multum in parvo, the whole Mar- 
row of the Mathematicks zu this Tract afforded thee, . 
which is as a true and Golden Key to unlock the choiceſt 
8 11y/teries in thoſe Arts contain d. of 1 
Thus, Reader, I have laid my Labours before thee, and 

Wl 1/t entreat thee to uſe me as thou waulaſt be done by, which 
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 Tothe RE A D E R. 
Being deſired to Peruſe this Mathematical Treaſury, ac: 
7 cordingly, to gratifie the Requeſt of my Friend, I 
did, and I muſt confeſs, with no ſmall Satisfaction to 
my ſelf to ſee fo much Practical Matterfof uſeful Ma. 


thematical Arts ſo neatly and compendiouſſy digeſted 
into this Portable Volume: twill be uſeful not only to 


Learners and meer Thro's, but to others alſo who have 


made ſome conſiderable Progreſs in theſe Studies. *Tis 
well Methodiz'd, very Conciſe, yet Plain and Perſpicuous, 
ſo that any Perſon of a pregnant Fancy, may without 
a Tutor (in ſome reaſonable time). wade through the 
whole or any Part thereof, and ſuch as would be more 
_ expeditious may take the Aſſiſtance of a Teacher to in- 
ſtrut them. | | 
The Author 1s wholly a Stranger to me, but to give 
him his due, in my opinion he has diſcharg'd himſelf 
like a Maſter in theſe Arts, and an Ingenious Mathema- 
tician, to whom I return Thanks for this his generous 
Offer in preſenting his Mathematical Treaſury to the 
Publick, and remain PT. Jy 2 
A true Lover of the Mathematioal Sci. 
ences, and all ſuch that really delight in 
thoſe pleaſing (but uſeful) Speculations, 


Henry Coley. 


8 


— 7 8 
. . 
— 
7 


Courteous Reader, 5 „ 
1 Have Peruſed this Treatsſe, and find that the Author 
has in every reſpect diſcharged himſelf like an Artiſt; 
the. Work throughout the 3 very Plain and Eaſe, 


nothing being omitted that mig 


t render it Intelligible 


to the meanelt Capacity: And indeed, I know not any 
Treatiſe of this nature extant that is more Practically 


handled, ſo that I doubt not but that it will be very ſer- 
viceable to the Publick; and that thou in particular 
mayſt find Incouragement in the Peruſal thereof, is the 
hearty Wiſh of him who is { 
| Dyine and Trath's Servant, 


' = John Hawkins, Philomarh. 
| Th 
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ADVERTISEMENTS. 


E AT the Houſe late the Lord Weymonth's, in Chanel. 


Row, Mi ſim inſter, are Taught Arithmetich, Geometry, 


. Trigonometry, Navigation, Surveying, Meaſuring, Fortifi. 


cation, Throwing of Bombs, with ſeveral other Parts of thic 


Mathematicks; alſo Merchants and other Accompts. 


„ By W. Alingbam. 
He alſo Surveys and Meaſures any Lordſhip or Manor, 


makes a Map or Plan of the ſame. He likewiſe draw- 


eth any fort of Dial, Meaſures all forts of Works and 5 
Timber, Re-draws or Copies any old Surveys. 5 


* 
* 
o 


* 


Y-uth Boarded and made fit for any fort of Buſineſs, . 
either by Sea or Land, and allo for all forts of A 


compts. 


AE L Gentlemen, or other Perſons that ſhall hav: 4 
* occaſion. for any ſort of Mathematical Inſtrumenti 
either for Sea or Land, may be furniſhed by Henry Wynn 


Chance r3-Lane. "3 15 


— * — * 
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Some few Errata's having eſcaped the Preſs, the Rea 
der 7s defired to Correct the ſame with bis Pei 
as followeth. 1 0 e 


P®g* 60 Line 14, read Figure 94. p. 65s I. 21 r. Figure 98. p. 84 l. 

r. Sum for Difference. p. 105 l. 17 for HE r. HI, p. 164 l. 11 f 
N. W. b) W. r. N. W. ) N. p. 193 in the Margin for 45 r. 54. p. 10 
I. 22 for 0.0 r. 7. 50 p. 202 l. 18 for 24 r. 42. p. 255 |. 5. for At 
ATA p. 259 J. 7 r. from P to A, p. 260 |. 25 r. fomP to C. p. 261 
I. 27 r. which make MT equal to 150, p. 267 |. 22 r. Cazemate, 
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Arithmetick. 
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Of ARITHMETICK. 
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. RITHMETICK is 


cap, 2. 


I ſhall not in this place trouble you with the 
rt Rudiments of Arithmetick, as Numerati- 
Wn, Addition, Subſtraction, Multiplication and 
Diviſion : Becauſe they are already largely 
andled by many, as Mr. Leybourn, Mr. Vin— 
Fate, and divers others, and alſo that then 
his Book would {well to too big a Bulk for the 
Pocket, and ſo my deſign would be truſtrated ; 
{hall therefore only propoſe and operate ſome 
| Principal 


e. Omnia quæcunque a primava 
an Art of numbering rerum natura conſiru/a ſunt, 


well: For as Magni- Numerorum videntur ratione f- 
; ude, or Greatneſs is the Sub- 2 Hoc _ fuit princt- 
ſo is Multi- %% in animo conditoris exem- 
| Sect of Geometry, ekt. i. Boetius Arith, lid, 1. 
Nude, or Number that of A- | 


cCording to the Rule if you multiply the third. 
Term 21, by the ſecond Term 44, it produceth 


and fo for any other in a direct Proportion. 


Term by the ſecond Term, and their Product 


\ 


Arithmetical Propoſitions. 


principal Propoſitions, that are of Special Mo- 
ment in Arithmetick, and which moſt immedi- 


ately concern the other following Parts of this 


Treatiſe. 


SECT IT. 


The Explication of ſome Arithmetical Pro- | 


poſit ions. EF 

FAROE L- 

To three Numbers given, to find a fourth in af 
9 direct Proportion. 5 
To operate this proportion Multiply the third 
Term, by the ſecond Term, and their Product di- 


vide by the firſt Term, the Quotient ſhall be 
fourth Term required. Examp. 1. Admit the Cir- 


cumference of a Circle whoſe Diameter is 14 Parts 
be 44 Parts, what is the Circumference of that 
Circle, whoſe Diameter is 21 Parts? Now ac- 


924; which divided by the firſt Term 14, the 
Quotient is 66, and ſo the Circumference of the 
Circle, whoſe Diameter is 21, will be 66 Parts, 1 


: FROP IH - 4 
To three Numbers given, to find a fourth in an 
Inverfjed Proportion. 1 


Io operate this Propoſition, multiply the firſt 


divide by the third Term, the Quotient Fl 0 9 
| rtourth 


1 
* * 
5 "MX 


Arithmetical Propoſitions. 


fourth Term required: Examp. Admit that 100 
Pioneers, be able in 12 Hours to caſt a Mote of 
nz certain Length, Breadth and Depth; in what 
time {hall 60 Pioneers do the ſame? Now if ac- 
cording to the Rule, you multiply the firſt 
erm 100, by the ſecond Term 12, their Pro- 
eo, the Quotient is 20, ſo I fay that in 20 
hours, 60 Pioneers ſhall do the fame, and fo 
tor any other in an Inverſed Proportion. 

T1 PROF. BB. -- 

Jo three Numbers given, to find out a fourth in 
; 4 5 @ Duplicate Proportion. 
ranks 


di- The nature of this Propoſition is to diſcover 
e a the Proportion of Lines to Superficies, and Su- 


perficies to Lines; for like Plains are in a Du- 


FHomolagal ſides, therefore to operate any Ex- 
*Þmple in this Proportion, ſquare the third Term, 
hird and its Square multiply by the ſecond Term, 
heir Product divide by the Square of the firſt 
Term, the Quotient is the 4th. Term fought. 
Famp. Admit there be two Geometrical Squares; 
arts, how if the ſide of the greater Square be 50 Feet, 


25 


go Feet ? To operate this according to the Rule, 


in an {quare the third Term 30, whoſe Square is 90: 


Then I multiply it by the ſecond Term 3000, 
ts Product is 2700000, which divided by 2500, 
> firſtWhe Square of the firſt Term 50, the Quotient 
ducts 1080, and fo many Tiles will pave the leſſer 
5 1 Pcqware, whoſe fide is 30 Feet. 


duct is 1200; which divided by the third Term 


plicate Ratio, that is, as the Quadrate of their 


end require 3000 Tiles to pave it; what Num- 
per ſhall the leſſer Square require, whoſe fide is 


B 2 PRO 


4 


) I, 


1 


4 
. 


Which divided by 64, the Cube of the firſt 
Term; the Quotient is 3035 Pounds which is 
equal unto 30 J. 6 Ounces: Which is the Weight 


lids to Lines; for like Solids, are in a Triplicate 
Ratio, that is to the Cubes, of their Homolo- 
in this Proportion, Cube the third Term, and 


Term; the Quotient is the fourth Term 


is a third proportional; Again you muſt multi 


— 


Arithmetical Propoſitions. 


To three Numbers given, to find à fourth in ä 
Triplicate Proportion. 1 


The Nature of this Propoſition is to diſco- 
ver the Proportion of Lines to Solids, and So- 


gal ſides : Therefore to operate any Queſtion 


this Cube multiply by the ſecond Term, and 
their Product divide by the Cube of the firſt 


ſought. Examp. Admit an Iron Bullet whoſe 


Diameter is 4 Inches, weigh 9 Pounds; what is 
the Weight of that Bullet whoſe Diameter is 6 
Inches? Now to operate this Proportion; firſt 
according to the Rule, I Cube the third Term 6 
whoſe Cube is 216, then I multiply its Cube 


by the ſecond Term 9, the Product is, 1944, 


of the propounded Shot; and ſo for any other. 


a „e : 

To two Numbers given, to find out 4 third 

fourth, fifth, ſixth, &c. Numbers in a contiÞ 
nual Proportion, = 


To operate this Proportion, you muſt mul 
tiply the ſecond Number by it ſelf, and that 
Product divide by the firſt Term, the Quotient 


phy 


Arithmetical Propoſitions. 


5 


ply the third Term by it ſelf, and its Quadrate d 1. 


divide by the ſecond Term, the Quotient is a 
Fourth proportional, and ſo after this manner a 
WT fifth, ſixth; or as many more Proportionals as 
you pleaſe may be found: Examp. Let it be 


portion to one another; as 4 to 8. To operate 
this firſt according to the Rule, I multiply the 
9 ſecond Term 8 by it ſelf, the Product is 64, 


vhich in this Example will be 4, 8, 16 32, 64, 
and 128, and fo will you have form d fix Num- 


> "* 
* 


ers in a continual Proportion. 


PROP. VI. 


This Propoſition might be performed with- 
out the help of the Rule of Proportion: Never- 


. Mth:leſs becauſe it conduceth to the Reſolution of 
Wt he next enſuing Propoſition, I inſert it in this 
Place. To operate it this is the Rule: Add half 


rd, he Difference of the given Terms, to the leſſer 
ti erm, fo that Aggregate is the Arithmetical 


ean required: Examp. Admit 20 and 50 to be 


ms Propoſition, firſt according to the Rule, I 


OS -- ſo 


required to find ſix Numbers in a continual Pro- 


he two Numbers propounded: Now to operate 


Wind that the difference of the two given Terms 
Po, and 50, is 30, whoſe half is 15, which be- 
B's added to the leſſer Term 20, it makes 35, 


8 Arithmetical Propoſt tions. 


& 1. fo is 35, a mean Arithmetical Proportion be- 
twixt 20, and 50, Swen. 


PROP. VII. 


Between two Numbers given, to find out a mean 
Muſical Proportional, 


Beetins hath this Rule for it, wherefore 8 
take his own Words: * faith he, © Differentiam 7 
* rerminorum in minorem ter- 
'* In his ſeend Book of his A minum multiplica , & poſt 
2 rithmet '>h, 2 F ” 35 0 - junge terminos, & juxta cum 
| Wer dl a 5 
Pro ben bh; ea Bum vim 4. 24 inde confeckus eſt, 6. 
in Muſici Modulami is tem. © Matte illum numer un, qui cx 
peraaient;s, & in Spec..Jatione - diſferenti izs ET termmo MIN 05 = 
Ei im grim. % 5 prod of, cs cl 
c ical Compoſi» c TE, 
tion, (or in the Compoſure of Mu- 4 latita di TEM inbener mw ; 
Fel.) and in the Diſcovery of the eam minori tei -mino, + 7 2 7 
Secrets 5 of Nature. ws inde colligitur medium ter- in | 
<< mi num pores. 'That 1 IS, mul- . 4 
tiply the difference of the Terms, by the leſſer 47 
* Term, and add likewiſe the ſame Terms toge 
ther: This done, if you divide the Product, by 
the Sum of the Terms, and to the Quotient fs 
| thereof, add the leſſer Term; the laſt Sum is 
| tze Muſical mean deſired: Exam. Admit the 
two Numbers given be 6, and 12. I ſay that if z 
the difference of the Terms which 1s %, were 
multiplied by the leſſer Term 6, it would pro- 
| duce 26; then if you add the two Terms 6, and 
L 125 together, hte Sum would be 18: Now iff 
you divide 36, by 18, the Quotient is 2. LaltÞ 
ly, if to the Quotient 2, you add the leſſer 
Term 6, the Sum thereof will be 8, which 15 
aMean Muſic al Proportional required. 
PRO ri 


—— — — 
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84 
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Arubmoetical Propoſitions. * 


33 „„ ee VIII. . L | 
== How to find the Square-Root of any whole Num- 5 1. 
_ ber, or Fradlion. Es 


De,. To extract the Root of any Square 
= Number propounded, is to find out another 
duceth the Number propounded. Now for the 
more eaſie and ready Extraction of the Square- 
Root of any Number given, This Table here 
ZZ under annexed will be uſeful ; which at firſt 
ſight giveth all ſingle ſquare Numbers, with 
their reſpective Roots. | 5 
UE 


— 


| 


ROOT. 1 2 7 


ont 


64314 


is 


In the uppermoſt Rank of this Table is pla- 

nu ced the reſpective Root of every ſingle Square- 
number, and in the other the ſingle Square- 

ne numbers themſelves ; fo that if the Root of 25 

were demanded, the Anſwer would be 5, ſo 

che Square Root of 49 is 7, of 81 is 9; and ſo 

roi for the reſt, and fo contrarily the Square of the 
Root 5 is 25, of 7 is 49, of 9 is 81, Cc. 
Example If the ſquare Root of 20736 were * 4s yu 
required, firſt they being wrote down in order # to d in 
"FF as you ſee, draw the crooked Line, * then to DE OY 
1 "if prepare this or any other Number for Extra- ſent the 
8 clan, eien. 


- 20 | 
. 
N 
Feb UAR 
a 4 <a ; . 
k 


as 36 | 49 


11449 


2 — 


The Explication of the TABL e. 


8 Aritbmetical Propoſitions. 


& 7, con, make a Point over the place of Lites; and 
ſio on every other Figure towards the Left-hand, 
as you ſee in the Margin. Then find the Root 

bo the firſt Square 2, 
VNN which is 1; place it in 
20736 (* 4. 4 the Quotient, and alſo 

1 A under 2; then draw a 
.  , ot Mt 
YATLo5 from 2, there remains I | : 1 
) 9 6 which place under the | 

2 Line, then to the laſt 
„ remainder I, bring down 

3 5 the next Square 07; and 
3 6 then there will be this 
e Number 107, which 
„ Number I call a Reſol- 
„„ vend: Then double the 
Root in the Quotient 1, whoſe double is 2, 
which 2 place under the place of Tens in the 
Reed under o; fo 1s this 2 called a Di- 
viſor; and 10 called a Dividend. ——_ 
Then demand how often the Diviſor 2, can 
be had in the Dividend 10, it permitteth but 
of 4, which place in the Quotient, and under 
7 the place of Unites in the Reſolvend, and 
there will appear this Number 24; Then mul- Wc 
tiply this 24 by 4, (the laſt Square placed in 
the Quotient) it produceth 96, which place 
orderly under 24, as you ſee, and this 96 is 
called an Ablatitium; (but ſome call it a Gno- 
anon:) then draw a Line under it, and ſubſtract 
96, the Ablatitium, out of the Reſolvend 107, 
there remains 11, which place orderly under | 
the laſt drawn Line, then thereunto bring down | 
the next Square 36, ſo will there be a new Re- 
hp ; ieee 


2 + fan 


1 


——9 1 


r S ST fo} md 


_ 


Arithmetical Propoſitions. 

W lvend 1136; then double the whole Root 14 
in the Quotient, whoſe double is 28: Place it un- 
ſo ſhall 28 be a new Diviſor, and 113 be a Di- 
W yidend ; then I find the Diviſor 28 can be had 
in the Dividend 113, 4 times, which four place 


in the Reſolvend, ſo there appeareth this Num- 
ber 284, which Number multiplied by 4, the 
laſt Figure in the Quotient produceth a new 
Ablatitium 1136; which place orderly under 
the Reſolvend 1136, and then draw a Line, 
then ſubſtract the Ahlatitium 1136, from the Re- 
ſolvend 1136; and the remainder is oo, or no- 


2220736, to be 144; and ſo muſt you have pro- 
reeded gradually ſtep by ſtep, if the Number 
propounded, had conſiſted of 4, 5, 6, or more 
7 Squares; fill obſerving the aforegoing Rules 
Wand Directions. o 5 


. But when a whole Number hath not a Root 
exactly expreſſible by any rational or true 


Koot very near; To the given whole Number 
annex Pairs of Cyphers, as oo, 0000, or 000000, 
then eſteem the whole Number, with the Cy- 


whole Number: And extract the Root thereof 
Waccording to the foregoing Directions, then as 
many Points as were placed over the Integers, 


muſt 


der the Reſolvend 1136 as was a-fore directed; 
in the Quotient, and under the place of Unites 


; 

ching: And thus the Work of Extraction being 
- finiſhed, I find the Root of the ſquare Number 
e LW | 


Number, then to find the fractional part of the 
Wphers both annexed thereunto, as one intire 


0 many of the firſt Figures in the Quotient 


2 


Q I. 


10 Arithmetical Propoſitions. f 
& x, muſt be taken for Integers; and the remainder 
for the Roots fractional part in Decimal parts, 
and ſo you may proceed infinitely near the 

true Root of a Number. 25 5 


WE” 
I 
* fl WF. 


To extra the Square-Root of a Vulgar or Deci- 5 | 
\ mal Traction, and a Mixt-Number. A 


Firſt, if the Fraction propounded be not in 
its leaſt Terms, reduce it, and then by the 
Rules aforegoing, find the Root of the Nume- 
rator for a new Numerator; and of the Deno- 
minator for a new Denominator; ſo ſhall this 5 

new Fraction be the Square-root of the Vul- 

gar Fraction propounded, ſo the Square- root 
JJ. 8 = 

But many times the Numerator and Denomi- 

nator of a Vulgar Fraction hath not a perfect 

The manner of extracting the Square root * find. wan = 
Square · root fa Decimal Fraction. 


3 
1 a 


Root infinitely near, you mult 
reduce it into a Decimal Fra- 
Aion, whoſe Numerator muſt conſiſt of an equal i 
Number of Places, to wit, 2, 4, 6, &c. Then ex- 
tract the Square-root of that Decimal, as if it 
were 4 whole Number, and the Root that pro- FE 
ceedeth from it is a Decimal Fraction, expretiing 
the Square-root of the Fraction propoſed, infi- 

| Hitely near: So the Root of +; (whoſe Decimal is 
.81250000) will be found to be 52543 which is ve- 
ry near, for it wanteth not res of an Unite 
of the exact Square- root, of 1 propounded. 3 
Now having a Mixt Number propounded 


* 
8 
to 
47 
PE , 
N 
1+ 
— 
8 
TY 
& 
D 
bY, 


, 
was” 
EEG 
no 4 
* 
30 


whoſe Root 1s required, to find P 


which reduce it into an impro- N : 
per Fraction, and then an & 
the 


24 


Thc manner of extraFing the 
Iquare- root of a Mixt-Number, 


Arithmetical Propoſi tions. 
| A he Root thereof as before. Suppoſe the Num- 


J s „;, whoſe Square-root I find to be * or 83, 
very near, c. But if it had not an exact Square 
oot, then reduce the Fractional part of the gi- 
1 en Mixt-number into a Decmat: Fraction, of 
nn even Number of Places, and then annex this 
11 3 1 Pecimal to the Integers, and ſo extract the 

ſame as a whole Number; and obſerve that fo 
many Points as were ſet over the Integers, ſo 
any of the firſt Figures in the Quotient muſt 


2 Root's F ractional part. 


tþ 1 „„ 7 7 


or Fraclion. 


Defir. To extract the Cube-Root of any Num- 
ks proponnded, is to find out another Num- 
1 Über, which being multiplied by it ſelf, and that 
1 Product by the Number again, ſhall produce 
3 the Number propounded; Now for the more 
5 eaſi ie and ready Extraction of the Cube- root of 


7 annexed will be uſeful, which at firſt fi ght 
veth the Cube: root of any whole Nun under 
Iooo; which are called ſingle Cube-numbers. 


_ 1 


RO Or. 


cus, 


— 


3 | 27 | 64. 121 216 3431512 7 


[ der propounded be 75 #3; its improper F raction 


be eſteemed Integers; and the remainder for : 


+ dow to find the Cube-Root of any whole N Nader, 


11 
9 1. 


& any Number propounded, this Table a 5 


Arithmetical Propoſitions. 


The Euplication of the TA RL E. 
In the uppermoſt Rank of the Table is pla- 


red the reſpective Roots of every ſingle Cube, 


and in the other the reſpective ſingle Cube 
numbers; for if the Cube-root of 512 were de- 
fired, the Anſwer would be 8, of 64 is 4; and 
ſo of the reſt: And if the Cube of the Root 7 


were deſired, it would be found 343; of 9 it 


8% 
| U 
'$ 


£ 


would be 729, CS. ſt 


Line. Then place a Point 
over the place of Unites, and 


another oyer the place of 


© 


Thouſands; and ſo on, ftill intermitting two 


places between every adjacent Point; and ob- 
ſerve, that as many Points as in that Order are 
placed over any Number propounded, of ſo 
many Figures doth the Root conſiſt: So that 


in this Example, there being two Points, there- 
fore the Root conſiſteth of two places, as you 
| ſee in the Quotient; Now firſt find the Root of 
the firſt Cube 262; which permitteth but of 6, 
face 6 in the Quotient, and ſubſcribe its Cube 
216, under 262, and then draw a Line under 
It, and ſubſtract 216 out of 262, and the re- 
mainder is 46, which place in order under the 
laft drawn Line as you ſee: Then to the Re- 
mainder 46, bring down the next Cube- number 
144, ſo will there appear 46144, which I call a 
Reſolvend: Then draw a Line under it, and 
ſquare the Number in the Quotient 6, whoſe il 
CE Tr oy SE ͤ 


: WNT 
\ Bp 


Arithmetical Propoſitions: 


WEquare is 36; then triple 
It, and it will be 108, 


7 was 5 = we n 
22222ͤ ELL Is yr 
IF 8 n Ie L 

25, : 


he.” : 
— She + 


-Square 108, under the 


5 


> Mriple Square 8, may ſtand 8 
d. ander 1 the place of Hun- 2 : | 


oe 


d, ler the Reſolvend, fo that 


rawea Line underneath 6.7.4 +_ 
gt, and add the tripte 
Square 108, and rhe Tri 


ple 18 together in ſuch order as they ſtand 


* 


* 
> 


ne tient; now multiply the triple Square 108, 


e- hy 4, it produceth 432, which in order ſubſcribe 
ex {under the triple Square 108: Then ſquare 4, 
a the Figure laſt placed in the Quotient, whoſe 
1d Square is 16; and multiply it by 18 the Triple, 
ſe ; 
re Triple 


— 


Then ſubſcribe this triple 2 6 2 1 4 4 6 4 
1 ( 


. ed a Di- 
1 biſor, and the whole Reſolvend 46 144, except 


produceth 288, which ſubſcribe under the 


— 2 


" wg 4 — > -— 9 _ - — — _—_— e * " Os es 
— — — — 2 =_ . — pr ri 
— — — oo papa ws — 2 ; — — — — 4 m—_— | — : — 
» 


8 


J. 


Triple orderly, then ſubſcribe the Cube of 4% 


draw another Line under the Work, ſubſtract- 


Arithmetical Propoſitions. 


(laſt placed in the Quotient) which 1s 64, in Mr 
order under the Reſolvend. Thendraw a Line 
underneath it, and add the three Numbers, 
Viz. 432, 288, and 64, together in ſuch order 
as they are placed, their Sum is 46144: Then 


ing the ſaid total 46144, from the Reſolvendl 
46144, there remains oo, or nothing, which 
remainder ſubſcribe under the laſt drawn Line, 
thus the Work being finiſh'd I find the Cube 
root of 262144 the Number propounded, to be 
64: And thus you muſt have proceeded erder- 
ly ſtep by ſtep, if the Number propounded had 
ariſen to ſome 3, 4, 8, 10, or more places, ob- 
{ſerving the Direction preſcribed untii all hal 

been compleated. : — 1 


NOTE. 


But when a whole Number hath not a Cube: i 
root expreſſible by any true or rational Num- 


ber, then to proceed infinitely near the exact 
Truth, Annex to the Number a certain Num- 


ber of Tenaries of Cyphers as ooo, 000000, 
00000000, E&c. then eſteeming the whole 
Number with the Cyphers annexed as one intire # 
whole Number, extract the Root thereof, as is 
afore taught. Then as many Points as were 
placed over the whole Number, ſo many places 
of Integers will there be in the Root, and the 
reſt expreſſeth the Roots Fractional part very 
near. 


— 


Arithmetical Propoſitions. 15 
Y I. 


8 


, 


i To Extra the Cube-Root, of any Vulgar or De- 
= mal or Mixt Frattion conſiſting of a Whole 
Number and a Fraction. | 


WW To Extract the Cube-root of any Vulgar 
EFraction, you muſt firſt reduce it into his leaſt 
erms, and then, according to the former Di- 
ections, Extract the Cube-root of the Numera- 
or, the Root found ſhall be a new Numerator; 
EX likewiſe the Root of the Denominator ſhall 
become a new Denominator ; ſo ſhall this new 
EFraction be the Cube- root of the Fraction pro- 
pounded, ſo I find the Cube-root of r to be 
WE, and fo for any other Vulgar Fraction. - | 

& But many times the Nu I 


erator, and Denominator 2 of a Decimat Fracſion, 


Wath not a true Root: Then 
0 find the Root thereof infinitely near, you 
nuſt reduce the Fraction given, into a Deci- 


2 x nal, whoſe Numerator is 'Tenaries of Places, 
„ind then extract the Root according to the for- 


er Directions, ſo ſhall the Root found, be a 
WDecimal Fraction expreſſing nearly the Cube- 
„ Moot of the Fraction propounded, fo I find the 


Y 


e Root of r or 3, whoſe Decimal is, 666666666, 


* 


* A Ee dt A 
. o 
22 ae LR a Tv Th 8 et 5 G 
or rb”, TH 83 ag 2 e 
6 —_ "ao. * 


* 
3 


co be, 583 very near the Root of 1 or = pro- 
Wpounded. *» | 1 5 e 
= Now 2 8 3 F 3 
ber propounded, whoſe Root „e manner of extracting 
is ut 0 firſt reduce it in- . of © Mixe Number, 
to an Improper Fraction, and then extract the 

Cube root thereof, as is afore directed, ſo the 
Cube root of 12 25 Improper 23, will be found 
to be 2 or 24. OY - | 

But 


16 


SE 
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But if it hath not an exact Cube- root, then 
reduce the Fractional part of the given mixt 


Number into a Decimal Fraction, which ſhall 


conſiſt of Tenaries of places, then to the whole 
Number annex the Decimal Fraction, and ex- 


tract the Cube-root of the whole, and obſerve 


that ſo many Points as are over the Integers, 


ſo many of the firſt places in the Quotient muſt 


be eſteemed Integers, and the reſt expreſſeth 
the Fractional part of the Root in Decimal parts 


of a Fraction, fo the Cube-root of 23, whoſe Deci- 


mal is 2, 375000000, Sc. will be found to be 1, 
334, or 1888, and is very near the true Root, 


and ſo for any other mixt Number of this na- 


Ture, 


Having thus given you the Practice of ex- 
tracting the ſquare and Cube-root, I ſhall give 


you the reaſon of pointing them. 


The Square of any Number under 10 will be 
leſs than io, and the Squares of all Numbers 


from 10 under 1c will be leſs than 1000; al- 


ſo the Squares of all Numbers, from 100 to un- 


der 1000, will be leſs than 1000000, &c. 
And on the contrary tis evident, that the 
Square: root of any Number under 100 will be 
leſs than 10, and the Square-root of all Num- 
bers from 100 to under joo o will be leſs than 


100; and of all Numbers, from Ioooo to under 


| I000000, will be leſs than 1000, &c. + 


So that the Square-root of all Numbers under 
100 will conſiſt but of one place, under 10000 
they will have but two places, and under 
1000000 the Root will conſiſt but of three places 
at the moſt; from whence may ve ſeen the rea- 
ſon of pointing every other Figure before. you. 

* egin 


* 
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o Places. | 


lent, that 9x9x9 will be leſs than 1000, that 
s, the Cube of any Number under 10 wilbbe 


000000, Cc. So on the contrary tis evident, 


Vhence you ſee, that the Root encreaſing one 
lace, augments the Cube of ſuch Number 


2 Roots, their Cubes are 1, T1000, 1000000, 
000000000, which encreaſes by 3 Places. 

The ſame would alſo follow, if it were 9, 90, 
do, 9000, EFc that is, their Cubes would ex- 
ed each other by 3 Places. REDS 

From which is evident the reaſon of pointing 
e iſt, 4th, 5th, Oc. Places in a propoſed 


be have four Places in it, the Root will have 
o Places; and the ſaid Root will have no 


given Cube: But if there be ſeven Places, 


three Places. e 5 
Nor RE, This way of arguing will not only 


Powers. To to WE Th 
Having given you this ſhort Diſcourſe, toſhow 
reaſon of pointing them, in order to their 
traction, I ſhall now give a Taſte of the Uſ 


e 


So alſo it holds in the Cube, where tis evi- 
es than 1000; and the Cube of all Numbers, 
rom Io to under 100, will be leſs than 
bat the Cube-roots of all Numbers, from 1000 + 


o under Ioo0000 , will be under 100, &c. 


ee Places: For ſuppoſe 1, 10, 100, Iooo, Cc. 


ube, to find its Root: For the firſt three Pla- 
s will give but one Place for its Root. If the 


dre than two, if there be five or ſix Places in 


en will the Cube- root of ſuch Number conſiſt 


id in the Square and Cube, but alſo in high- 


of 


begin the Operation: For the Root encreaſing & 1. 
2 Place, encreaſes the Square of ſuch Number 


18 


uſeful, and as Problems. \ 


3 The Extraftion of tbe Square- Root appl 'd i 


tial the Square-root of the Product, it gives 9 
ihe mean Proportional e 


* ſix times as 575. 


Arithmetical Propoſitions. 
of theſe Operations in the Solution of ſom: 


** 2» n — 


: 8 — — 


SECT. II. 


the Solution of ſeveral Queſtions in Arit 
metick, Geometry, Trigonometry, Nl 
vigation, nnn of Armies, Sc, 


PROP. 1. 


WO Numbers, viz. 24 and 384, give 
to find a mean Proportion. 
Multiply the two Numbers together, and ex 


PROP. II. 


Let the Area of a Triangle, Rectangle, Ci 
cle, ©. be 71824 Foot. 

Extract the Square-root of the given Area, i 
gives 268 Feet, the ſide of a Square equal to l 


groen Area. 
P R OP. III. 


The fide of a Square is 26 Foot ; What's | 
ſide of another ſix times as big? 

Find the Area of the Square whoſe ſide is givt 
this Area multiply by 6, then extract the Squat 
root of the Produtt, it gives 637 the J de 


NoTE 12? If you ol have a Square . 
23 T» 5 c. as big. Take: 15 55 45 of e 
N 0 l 


Arithmetical Propoſitions. 
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ound, and extract the Square- root thereof, and 9 2. 


twill give you the Area of a Square that 1s but 
65 I» & © 40 DIG. | „ 
NoTE 2. So if you would have a Square 
my number of times as big, or any part of a 
ime as little as any Figure, 'tis but multiply- 
g the given Area by the Number of times, 
Mou would have it as big; or taking the part 
fa time, you would have it as little, and ex- 
Fracting the Square-root of the Product, or 
Nuote, will give you the Area required. 


PROP. IV. 


vet 5 To 

There is a Cable, or Rope, whoſe Diameter 
exÞ Inches, what's the Diameter of another 
5 Fur times as ſtrong. 


on four times as much when cut thro' is 
ur times as ſtrong ; and be. but half the Super- 
cies, "tis but halt as ſtrong. „ 
Now the Proportion of the Area's of Circles 
. each other, are as the Squares of their Dia- 
0 Meters. Square 7 therefore it makes 49, which 
Wultiply by 4 it gives 196: The Square-root of 


Ct 


, i ſtrong. *** 
S NOTE I. Whence tis obſervable, That a 
. Wope four times as ſtrong as another, has its 
ben iameter but only double to it. 

, NOTE 2. The like Operation will ſerve to 


4 


re b VU, 25 
1 As for Example: 


fou C 2 PROP. 


And herenote, That that Rope which has its 


pich is 14, the Diameter of the Cable four times 


d the Strength of Timber; that is, to aug- 
ent or diminiſh any Strength in a given Ra- 


the former? 


and in the 9th Theorem of my Epitome of Ga 


Arithmetical Propoſitions. 


PROP. V. 


Suppoſe the ſide of a large Beam, or Girder 
be 30 Inches; What's the ſide of another ſquanihi 
Beam, or Girder, whoſe Strength is but + ff 


\ 


Square 3o, the Product co divide by 6, thith 
Quote is 150; the Square-root of which is 1 
2 the ſide of the Girder, or Beam, that will bei 


but + of the Weight of the former. 


I 


PROP. VI 


In Triangle BAC (Plate 9th, Fig. 96.) ti 
BA is 48 Foot, and the Perpendicular CA & 
Foot; What's the Length of the Hypotenul 
The reaſon of the Solution of this Propoſiti 
is given in the 47th of the 11t Book of Excl 


metry, where 'tis prov'd in a right angled II 
angle, that the Square-root of the Sum of tft 
Squares of the Baſe and Perpendicular is equal 
the Hypotenuſe. „ 
Square therefore 48 and 40, and add thoſe tn 
Squares together, it makes zoo; the Squat 
root of which is 62. 5 near for the Hypoteni 
This is commonly the laſt Cafe in rid: 
Angled, plain Triangles, and in Navigation 
finds the Diſtance failed by having the Diff 
rence of Latitude (which is the Perpendicuk 
and Departure (which is the Baſe) given: Ml 
the Square-root of the Sum of the Squares 4 A 
TS | m 
R. 


ſ 
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Difference of Latitude, and Departure is the 
iſtance failed. © RS 
This Propoſition is alſo of uſe in Fortifica- 


uon: For it finds the Length of a Scaling 


adder that will reach from the Edge of a Moat 


ſhe Moat and Height of a Rampire is given. 


12 It's alſo of great uſe to Artificers, in finding 


ene Length of Hyp-Rafters, Strings of Stairs, c. 
PROP. VII. 
Again, if the Hypotenuſe and Baſe be given, 


tien the Perpendicular is eaſily found: For i 
nm the Square of the Eypotenuſe you take the 


nuFuare of the Baſe, and extract the Square- root of 


e Remainder, it will give the Length of the 
endicular. So if the Hypotenuſe and Per- 
xdicular be given, tis but ſubſtracting the 


e Hypotenuſe, and extracting the Square- 
ot of the Remainder for the Length of the 
rpendicular, 33 

This Propoſitian is uſeful in Navigation: 


nd, having the Diſtance ſailed and Depar- 


ne given; or by it the Departure may be 
nd, having the Diſtance ſailed and Diffe- 


rie of Latitude given. 


Dif PROP. VIII. 


cul 5 . 
: To place any Number of Soldiers. Suppoſe 


of 2496 in Square Battalia; that is, to place 


Dim in ſuch order that there may be as many. 
Rank as in File, C3. Extra 


the Top of a Rampire, when the Breadth of 


d2, 


uare of the Perpendicular from the Square of - 


r by it the Difference of Latitude may be 
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Extraſ the Square-root of the Number prop 
ſed. it gives 364 the Number to be placed in Rur 
and File. + 
PROP. IX 
To place any Number of Men, ſuppoſe 3591 
in double Battalia, that is, fo that the Men 
Rank may be double to thoſe in File. 
Extract the Square root of 17956, which M 
half the Number of Men propoſed, it gives 11 
the Number that muſt be placed in Files : 
doubled gives the Number that muſt be placed ii. 
Ran, and theſe two Numbers multiply d 19 
ther, will make up the whole Army if the Wa 
, HOP 1 
„„ 
Any Number of Men. Suppoſe 48224 w 
their Diſtance in Rank and Pile that zs, tl 
their Diſtance in File ſhould be 8 Foot, a 
Rank 3 Foot, to order them in a ſquare Batta 
of Ground, tis required to know how ma 
Men muſt be in Rank and how many in Fil 
Say ax 8 to 3 ſo is 48224 10 18084, 
Square-root of which is 167 near: Then to 
the Number of Men to be placed in Rank, di 
48224 by 167, the Quote 288 7s the Number 


Men to be placed in Rank, beſide 128 Men u 
ond above. | 1 


PROM 


== 


1 
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f 
The U e of the Extraction of the ia 


Suppoſe the ſide of a Cube be 84. Foot ; 
'hat's the ſide of another double to it? | 


Cube 84. the Number given, it makes 5927043 


23 
$ 2. 


hen extrad the Square-root of 1185408, it 


Woubled, and "twill give 105 the ſide of a Cube 
louble to the former. 


After the ſame manner may you find the 


Wide of a Cube three, four, or more times as 
or any other part of a time ſo 


ttle, by multiplying the Cube of the given 


ide by the Number of times propoſed, or ta- 


ing ſuch part of the ſaid Cube as you would 
ave it to be leſs, and extracting the Square- 
oot of ſuch Product or Quote, 
\FEOM I 
To find the fide of a Cube equal to any gi- 


en Solid, whether Paralleleprpedon, Sphere, Cy- 


EY A DA. 
Admit the Solidity of a Parallelepipedon were 


45 1776, What's the ſide of a Cube equal thereto? 
Extract the Cube-root of 5451776 the Content 


f the given Solid, what comes out is (176) the 
de of the Cube required. 

From this Propoſition the Proportion of the 
Diameter of a Sphere to the ſide of a Cube 
qual thereto may be found. For the Solidity 
a Sphere, whoſe Diameter is 1, is .5 23608805 
he Cube-root of which .806 is zear. 


C 4. 


So 


24 
8 2. 


on ſeveral Occaſions. 


Arithmetical Propoſitions. | 


So that if the Diameter of a Sphere be ! 
the ſide of the Cube equal thereto 1s 806. 
And therefore as 1 to . 806 ſo is any Dia 
meter of a Sphere to the ſide of the Cube equi 
thereto. 58 8 

To ſhow all the Uſes of the Square and Cub 
root would fill a large Volume. Theſe ar 
enough to let the Reader ſee the Neceſſity d 
learning this uſeful Operation. 
Io make this Treatiſe more perfect, I haw 
added a Table of the Squares of all whol 
Numbers under 1000, and the Cubes of al 
Numbers undef 200; which will be neceſſa 


— 


| [ 25] 


33 e ae Du 
| A TABLE ſhewing the Squares of all | 
Numbers under 1000. | 
_Square Root 
1600 118 
1681] 1190 
176 120 
184 121 
193 122 
202 123 
2116 124 
2209 125 
2304 126 
1 00 127 
2700 123} 16 
2602] 129 354 
27044 130 169 
2809 131 
72 132 
e 133 
3130 134 
3245 135 
201 qo 
137 
3600 138 
3721 139 
3844 140 
3960 141 
4096 142 
4225 143 
43560 144 
4480 145 
462 146 
4761 147 
4900 148 
Fg 149 
F134 150 
5320 151 | 
5476 152 | 
562 1530 
577 154 
$929 155 2402 
(2. "BY 1156! 24336 - 


Square | 


59049) 286 8179 
995360 2837 82369 
60025 2880 82944 
6 60516 289 83521 
6t009] 290 84100 
61504] 291 84681 
62001] 2920 85464 
62500 [293] 85849 
510 63001 294 86436 
635704] 295 87025 
64009 296 87616 
64516 297 88209 
65025 298 8880 
6 67536 299 89401 
66049] 300 90000 
66564] 301 90601 
67081] [302] 91204 
67600 [|303| 91805 
63121] 304] 92416 
68644] [305] 9302 
Cory 306] 93636 
9696 [1307] 94249 
80225 1308] 94864 
70756] 1399] 95431] 
712389] [310] 5g6100 
71824) [311] $6721 
723611 1312] 9734. 
72900] 1313] 97969 
73441] 1314] 98556} 
73934] 1315] 9922 
74529) 1316] 99856} 
75076] 1317]100489]. 
75625] [318]101124 
} 76176 219]101761 
76729 Z20]L 02400 
77284] [3211103041 
| 77841] 132200368. 
78400] [1323[10432Y 
78561] [324]104976) | 
79524] [325]105625] 
80039] 3260106276 
80656 [327]r0692c 
812251 [328 


[07534] 


L271 


372138384) (47517220 {453120976 
273139129] [41611730561 [4591210631 
374139876! 417 173889] 1460211600 
375,140625\ [4131174724 
376141376 [415175561] 
277142129] |420|1764oc| 
3781428844 [4211177241] 
379143641] 4220178084 465121622 
380144400 1423 178929 
3811145161] 1424117977 
3321145924. 425180625 
2331146639] (426113147 
384047456 14271152329] 
385114822 423113318 
3860148996 1429 184041 
13871149769] 14391134 
2891150544] 431 185761 
3896151321 43218662 
3900 521000 1433 18748 
3910728810 4348837 
392 172664] [43511592 
3920 5444% (43601900 
[294]155236] 437199969 
395 1825 4331191344 
3561156316] [4391192721 
397157609 [4491193 
3980 58404] 14411194431 
399.1 59201] [4421195 394 
400|160000] 1443 196249 
4010608010 1444119713 
4021161604 5198025 
4031162409] [446119891 
4041163216] {447|199809 
4051164025] 44800704 
406116433 4491201601 
14071165649] fg 
4031166464] (451203401 
40901672810 [4521204394] 
4100168 1000 45320209 
4111168921 4541206116 
4121169744| 4551297025 
41370560 19 888 
414171390 14571203349 


* —— wc. c 
T — 


— EET 


Root] Square | | 
Folz [544/295936 
Fo2|252004] [5451297025 
(503[2g3009l 46298116 
Fo4jz54016] 15471299209 
Joi 15431300304 
5062560360 15491301401 
ſ071257049] [5501302500 
03/2580 44 IF51 303601 
FogſzygoST] 15521304704 
f1o|26otoo| [5531305809] 
7112611210 654306916 
5120262144 57308025 
513263169 5560309136 
714264190 657310249 
5155267227 58311364 
5162662560 556312481 
5172672890 560031 3600 
518268 3244 6610314721 
519259361“ 562315844 
520 6353 169690 
521271441] 664318096 f 
722272484 65319227 
523273529 566032037560 
#241274576, 156713214839, 
725577629 5630322624 
726276675 56903237610 
527277720 77932490 
5281278784! |F71 326041] 
5251279841] 572327184 
7300280 15731325329 
731281951 57432947 
53233024 [575133625] 
533284080 77603317760 
$34 285156] [5771332920] 6 
351236225] 5780334084 
36237256] [5791335241 
5371238369] |530[336400 
7389289444 [5811337561 
I3<]2goF21] [5382133872 
154291600] 830339889 
5411292631] {5841341056 
$421293764 5851342225 
543129484 1586343356 205641 


Roor| Square Root Square Root 

7277928 79776081 [oz 
24H27 7 01577600, 803 

675145 562 761 79121, O4. 
76145697 562580644 [805 
77145532 7631282169, 806 

6731459634 76483606 |807 

6791401041 7677585225 

6811463761 767 538289) 

6821465124 76878982 

633146643 769791361 
9745922 771794441 

636147059 772595984 

[687471969 7731597529 

6351473344] | 7741595076 

689474721 | 77760629 

650[476100 776602176 

6911477481 777 603729 

693480240 7790606841 

6941481636 7801608400! 

69 . 33025 781 609c61 

696143441 782611524 

6971435809 

698143720 

6990488601 

70014G0000 

7011491401 

702149230 

7031494209 

704149501 

705149702F 

706498436 

7071499849 

708[501 264; 

709502681 

7101504100 

711505521 

712]506944 

tz [75 

7141599756] [7571573049 

2121122 758574564) 8 


＋ꝙ— 


Root Square 


4714025 


$4 
847 


673273 
17344459 


715716 
717409 
710104 

20801 


724201 


725904 


7225700 


e 
72931 
731025 


3 581736164 
8591737381 
360j739600 
741321 
$62174.30. 


4 
4863 744769 
3641746456 


61746956 
867751689 
8687573424 
869777161 
5670755900 
3717758641 
872760384 
873762529 
874763876 
(8751765625 
876767276 


8777691 29 


578770884 


3651743225 6 


879 
880 
881 


592777024 
88 3 


772641 
774400 
776161 


779639 


9121331744 
913 233569 


{ 


92713 $9329 
928861184 


929863041 


Ad. 15.4 


A TABLE 


* tt ni 


N 
A TABLE ſhewing the Cube of all 
Numbers from 1 to en 


1 


[Root] Cube 


Root} Cube Root Cube 
[x 1 75 421875] [11211404928 
8 76] 438976 113442897 
"uy 77] 456533] 11411481544 
64 78] 474552] [115]1 520875 
- "TIF 79] 493039] 11601 560896 
216 80 51 20000 [11711601612 
343. 81] 531441] 11801643032 
5121 1191685156 
729 1200( 728000 


1 1221815848 
1728 12301860867 
2197 | Fojizfooo 12401906624 
27444/132651 1251953125 
3375 | 521140608 12612000376] 
 4096| | 531148877 12720483834 
4913] | 541157464 1282097152 
832] | 551166375 1 2902146689 
6 13002197 
1312248091 
1322299068 
13312352037] | 
1344240610 
13512460375] 


100 fOOοοõ] 137 25713573 
1010ro30301 1382628072 
1021061208] 139268 5619 
1031092727 14002744000 | 
104[1124364| 1412803221 
10511157625] [142]2363288 . 
10601191016] 1432924207 
107/2270430 144298 7984 
10811259712 3048625 
109295029 1463112136 
110/1331000 1473176523 
111113676311 1148032412921 


1 


0 8 p 


Root! Cube 


15103442951 


15603796416 


Tron 


[14513307949 
[1 5<j3375000 


15213511808 
15 381777 
154 155 
15515723875 
7 6 1694826809 
15713369893 
1583944312 
151519679 
16c| 4056000 


162 4251528 


116314330747 
1644410944 


1654492125 
1664574296 
16714657463 
16814741632 


1701491 3000 
1715 
1720088448 


16114173281] 


1736177717 
174 5268024. 


Cube | {Root Root, Cube 
17515359375 


1765451776 


1826028 568 


18115929741] 


198 7762392] 


6, 199 788059 
| 200 800 | 


Lord, the Lord Nepeir: Which Numbers, ſo 
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CHAP. u. 


Tables of LOGARIT HMS. 


hc. 
— 


0 
3 


ne Explication of the Tables of the Loga- 
= rithms, and of Parts proportional. 


found out and framed, by that ne- 
ver to be forgotten and thrice Honourable 


found out and framed by his diligent Induſtry, 
Ihe was pleaſcd to call Logarithms ; which 11 
the Greek ſignifies the Speech of Numbers, I 
all not here trouble you with the manner of 
the Conſtruction of thoſe Tables of Logarithms, 
but ſhall firſt lay down ſome brief and genera] 
Rules, that thereby the better you may under- 
tand thoſe Tables, and then I ſhall explain 
heir manifold Uſes, in ſundry Examples 
EArithmetical, Cc. . e 


e 5 
n Number given under Ioooo, or 100000, to 
Find the Logarithm correſponding thereunto, 


. If the Number propounded conſiſt of one 
Pace. whoſe Logo7rithm is required to be found, 
- As 


| The Explication and Uſe of ,the 


: 8 HE Logarithms were firſt invented, 


33 


34 Ihe Explication of 
8 1. as ſuppoſe (5,) look for 5 in the top of the 
left hand Column under the Letter * N, and 
right againſt 5, and in the 


* Signifies the Number, or next Column under LOG. 


Figure ſugbt. 
+ Signines the Logarichm an- + you will find this Number 


ſwering a the Number o/poſite. or Rank of Figures, 0698970, 
which 1s the Logarithm of the 

Number 5 required. 
2. If the Number conſiſteth of two places, 1 
As if; it were 57, look 57 under N, and oppo- il 
ſite to it, and under LOG. you will find this 1 
Number 1. 755875, which is the Lagarithm of 
57, the Number propounded. Y 
3. If the Number propounded conſiſt of three 
places, as 972, look for 972, under N, and 
oppoſite to 972, and under (o) the Column, 3 
you ſhall find this Number 2. 987666, which 2 
is the Logarithm of 972, the Number which 
was propounded. 3 
4. But if the Number Rar” ſts of four places, A 
as 1687 look the three firſt Figures 168, under 
the Column N; and oppoſite to that, and un- 2 
der 5 at the top of the Page, you will find this E 
Number 3. 226599, which is the Legarithm of 
15683, the Number propounded. Fi 
— J. But if the Number given : 
, 2 i pd be above 10000, and under 
ROM of ; proportional Parts , 1922009, you May find its Lo- : 
prixted at tl e end of this Book. _ garithm by the Table of Parts 3 
proportional, printed at the 
latter end of this Book. Thus, if the Lg. 
rithm of 35786 be ſought, firſt ſeek the Log. 150 1 
2578, winch will be 553649, and the common BB 
Difference under D is 121 ; with this Diffe- [ 


rence 121, Enter the Table of Parts propor- 
tioual, Þ 


the LOGARITHMS. 35 


tional, and finding 121 in the firſt Column un- C. x, 
der D, you may then lineally under 6, find tte 
Number 72, winch add to the Log. of 3578, 

that is 552649, it produceth 553712, which is 

Wthe Lg. of 35786 the Number. propounded ; 
Nowy becauſe the Number propounded 35786, 
riſeth to the place of X. M. thretore there 
nuſt be the Figure 4 prefixed before its Loga- 


: 1 71thm, and then it will be thus 4. 552712, 


which 4 is called the Index, as ſhall be here- 
Waiter ſhewed. 5 | 21 
Nou before we proceed to find Numbers cor- 
eſponding to Logarithms,. it will be neceſſary 
Wo explain the meaning of the firſt Figure to the 


d eft hand of any Lœgarithm placed. Mr. Briggs Definition. 
n, alleth it a Characteriſtick or TE Ls 
4 index, which doth repreſent „% Re 10 find e Goara- 


the Diſtance of any the firſt 8 WT OY 
Figure of any whole Number 
from Unity, whoſe Index is o, a Cypher; 
V the Index of 10 is 1, and fo to 100 whoſe 
Index is 2, aud ſo to looo whoſe Index is 3, 
nd ſo to 10000 whoſe Index is 4; and ſo 
f you perſiſt further the Characteriſtick is 
always one leſs in Dignity than the Places or 
Figures of the Number propounded. | 
o- PROP. H. 
rus Jo find the Logarithm of a Vulgar Frathon, 
Ne. and a Mixt Number. | 
0 . Firſt, as is before ſhewed, if it be a Vulgar 
fe- Fraction, find the Log. of the Numerator, and 
e Log. of the Denominator, then ſubſtract the 


por- 02 


Log. of the Numerator from the era of the 1 


the Fraction 1 


fore, ſo the Lag. of 155, Improper 7; „is 1, 18% 


A Logarithm propounded to find the Whole, . b 


10 and 100; if 2, between too and 1000; 0 
the Logarithm propoſed, and againſt it in the 


Numwers alſo. 


The Explication of 


Denominator, 
the remainder The Log. 7 is Os 84509 
is the Log. of The Lyg. 5 is o. 69897 


e The Log. + 7 i9—o0. 1455 2 
Now if Y 
N- find the Logarithm of 5 LY do as is ; preſeri-f I 
d, whoſe Log. I find to be o. 146121. No. 2 
wi the is of a Mixt Number, reduce it 
ee an Improper Fraction, and then do as be 


52, and ſo do for any other Mixt Number: 


PROP. III. 


Miæt Number, correſponding thereunto. 


For the more ſpeedy finding the Number, ar- 4 
{wering unto the Logarithm propounded obſerve, 
that if the Index be o, then the Number ſought 
may be found between 1 and 10; If 1, between 


2, between 1000 and Lo000, and fo on, ſtill ob} 
ſerving the Rules of the Characteriſtick, or In 
dex; therefore look in the Table until you find 


Margin, according to the aforegoing Directiom 
under N, you ſhall find the Number belonging 
thereunto. This Rule holds in force 1 in Mix 23 


| gc. 847 7858 WELLS FE 
Thus, 1. 516302 Are „ 
2. 130334 ʃęgarithms of, 4 

5 980276! | 0556 


: 2 
. 
* 

2 54 

* * 1 
0 8 
1 5 

8 

9 Ve 
Io 

£95. 

28 

FEI 

8s 


— 


„ earn, 37 


TB. 


But if you cannot find the Logarithm exact- 
in the Table, as in many Operations it ſo 
appeneth, you muſt then take the neareſt Lo- 
Farithm Number to the Lagarithm propounded, 
Und ſo take the Number belonging thereto for 
he deſired Number. 5 ag 


* obs . 22 
AS 957 ö ; s 4 
Es I : . 


rok 


5 
3 


m——_— i. — ret. 2 


/ the Admirable Uſe of the Logarithms in & 2. 
1 --- Arithmetick. 


PROP. L- 
To multiply one Number by another. 


A Dmit 90 to be multiplied by 42, what is 
the Product? Firſt find he Lo. of the 
Nultiplican . 
Jo, Then the The Lyg. of 90 is — 1. 95424 
. of the The Log. of 42 is — 1. 62324 
Nultipliera2. 3 —— 
dd theſe two The Log. of 3780 18 — 3. 57748 
_ e ee 
ier, it gives 1 Hs 
748, which is the Lag. of 35 80, the Product 


ihe. 
5 
3 
5 
575 : 
3 
We 
ML 
25 
I 
* = 


the Dividend 648, and alſo write down the Ly 
_ garithn of the 
Diviſor 72. The Log. of 648 1 is — 2. 81157 


uhm of 9z ſo I conclude that the Diviſor 73 


todo for any other. 


15836. Then take the half thereof, which is i [ 


Leg. of any Number, you have the Geomet!ff 


The Uſe of the Logarithms 


PROP. II 
To divide one Number by another. 


Admit the Dividend (or Number to be din I 
ded) be 648, and the Diviſor 72, what is theff 
Number that the Quotient ſhall c conſiſt of? To 
find which, firſt write down the Logarithm off 


Then ſub- The Lag. of 72 is — I. 85738 
{tract the Log. 

of the Divi- The Log. of 9 is — 0. 54 1 
for. out of the 3 


Leg. of the Di- 5 
vidend, the remainder is o. 95424, the Loca : 


18 contained in the Dividend 648, 9 times, au 4 


PRO P. III. 
To find the $ quare-Root of a Naber. 


| Admit it be required to extract the Squad q 
Root of the Number 144; to perform which 
firſt write down the Log. of 144, which is 


©7918, it is the Log. of 12, the Root of 14 
propounded, and ſo do for any other. f 
Nor E on the contrary, by doubling tif 1 


cal Square thereof: And by tripling the Ls} 
any Number you have the Cube of 1 


nnd 
ES 
th 
3 
Ki. 
ror) 
2 
9 
3 
Th 
„ 
RS + 
1 LH 
0 
"FL 
1 
FR 


I Arithmetick. 


: PROP. Iv. F 
| Ts find the Cube Root of any Number. 


_. Admit it be required to extract the Cube- 
che Root of 1728; to perform which, firſt write 

"BS down the Log. of 1728, which is 3. 23754, then 
take the third part thereof, which is 1. 07918, 


che contrary, if you multiply the Log. of any 
Number propounded by 3, it produceth the Log. 
of the Cube thereop] f. 


„„ V;- 
of Years, to find bow much it will amount unto, 
Rate propounded. 
= Admit 300 Pounds Sterling be put out for 
A Years, for Compound Intereſt at 6 7. per Cent. 


what will it amount to when the four Years are 


300 J. the Principal, whoſe Leg. is 2. 477127, 


| 3 out of the Log. of 3187. Principal and Intereſt 


for a Year, whoſe Log. is 2. 502427, the re- 
-. WF mainder is o. 025306, which being multiplied 


of the Principal 300 J. to wit, to 2. 477121, 
makes 2, 578345, which is the Log. of 378 J. 
WT 745. 10 d. 29. very near, and fo much will 
300. amount to. 


D a PROP. 


WT the Log. of 12, the Cube-root of 1728 the Num- 
ber propoſed, and ſo for any other. Note on 


A Summ of Money being forborn for any Number 


x Y reckoning Intereſt on Intereſt, according to any 


3 expired? To find which ſubſtrack the Lag. of 


by 4, the Number of Years of its Continuance, 
WF produceth o. 101224, which added to the Log. 


39 


92. 


49 The Uſeof the Logarithms 
2. 


* 


„ es EE I NEAL i Co Gs 4.2.72; 
%% Ie LE Eat ods 


PROFANE. 
A Summ of Money being to be paid hereafter, to 
find what it is worth in ready Money. 


Admit 100 Pounds Sterling to be paid at 30 
Years end; I demand how much it is worth in i 
ready Money? After the rate of Intereſt of 6. 
per Cent. To find which, ſubſtract the Logarithn il 
of 100 the Principal, whoſe Log. is 2. oooo00 

from the Log. of 106 Principal and Intereſt, 
whoſe Log. is 2. 025306, the remainder is 
O. 025306, which multiplied by 30 the Num- 
ber ©. Years to ſncceed, produceth o. 759180, 
which ſubſtracted out of 2. 000000, leaveth 
1. 240820, which is the Log. of 17 +433, which 
ſheweth the ſaid 100 J. is worth but 17/. 85. 
24. 6 6 fere, = ww $i = 


= PROP. YI. 9 
ATearly Rent, or Annuity, to continue any Num 
ber of Tears, to find what it is wort bh in read) 95 
Money, at any Rate of Intereſt propounded. 


———— — 


— ——”VTTIIqc — 
: X 


— 4 Does Ss 


{ 


iy; 
1001 Hh 
in 

: N 
I : 
1 
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= = = _— - — o — . 
— — — - — — — (y— — 4 - — 
> E — 1 — x - - — 
— —— — — —ũ— j 1 ˙àĩ—— ooonaer era Ho Ic p * — q * 5 
> > = — EI 4 a» = 4 <<} — 4004. SAS 4 — — — 2 2 
- — - — 00> — po _ 


ct 
— 
— — — — ͥ r — —— 


What is 100 Pound per Annum to continue 
20 Years, worth in ready Money at 67. per 
Cent. To find which, firſt ſubſtract the Log. of 
100 J. the Principal, which is 2. oooo00 from 
the Log. of 106 J. Principal and Intereſt for a 
Year, whoſe Log. is 2. 025306 the remainder is 
o. 025306 : Then multiply o. 025 306 by 30 the 
Number of Years of its Continuance, it produ- 
ceth the Number o. 759180; Then divide 100/. 
by 6 the rate of Intereſt, and the Quotient is 


1657557, Cc. which 16 7222 is the propor i 
| tional“ 


in Arithmetick. — 
tional Parts of 100 f. the Principal; then add 8 2. 
the Log. thereof, which is 1. 221829 to the for- | 
mer Log. O. 759180 it produceth 1. 981009, 
Which is the Log. of 95 1 parts the Arrear- 
ges with the ſaid Summ for that time; then 
from thoſe Arrearages 95 7 ſubſtract the 

1 Warts proportional of 100, to wit, 16 £5552, 
he remainder is 79-453 , which is the bare 
Arrearages for that proportional part; Then 
Fake the Log. of 79 , which is 1. 897929, 
put of the which take the Log. found by Mul- 
riplication of Years, to wit, o. 759180, there 
remains 1. 138749, which is the Log. of the Va- 

ue of the Arrearages in ready Money; then to 


3 "7 
2 725 
at 


he Log. I. 138749, add the Log. of 1007. Prin- 
ETipal, 2. oooooo, it produceth this Number 3. 
38749; the Log. of 1376 138 reduced is 1376 /. 
b. 7 d. r88 ar; fere: And fo much is the ſaid 
nity worth in ready Money. 
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42 The Peplication of the Sine, 


Ar. HII. g 
The Explication of the 8 IN 2 9 : 


Taxnskxrs and PROANLS, 


— * 1 4 4 


8 E 25 T. 1. | 

.Y Right Sines, Tangents, Secants, Co- Sinti 
Zangents, and Secants : Of any Areh, or J 
Angle of a Triangle. F: 


| PROP. 1 . 

175 find the right Sine, or Tangent, of” any 4ri 1 
or Angle of a Triangle, containing any N. amber 3 
＋ Degrees and Minutes, 4 


—_o 


> And here *tis neceſſary 
70 underſtand, that every Circle 
ic ſuppoſed to be divided into 350 


equal parts, which are called He- 


grees, and every of thoſe Degrees 


into 60 Minutes, and every Mi- 
nute into 60 Seconds, and every 
Second into 60 T. birds, &c. ſo 
that a Semi-Circle contains 180 
Degrees, and a Quadrant 90 De- 
grers; Now an Arch or Ans le of 


& Triangle, is the Inrerſectiun of 


zrs two fi des, and the Meaſure 


thereof, is an Arch of à Circle, 
which cutteth each of the two 


ſides equidiſtant from the Anu. 


lar Point, which is the Cen- 
ter.) Now the Logarithm, Sine, 


or Tang ent of any ſuch Arch of a 


Triangle, containing any Num- 


; F the 1 or Arch of n 3 


Triangle propounded be li 
than 45 Deg. the Sine, or Tay 
gent, belonging thereunto, i 
found in the Column under th 
Title Sine, or TANGENT, i 
the top of the Table; and i 
there be any Minutes anne nd 
unto the Degrees, ou muſt fin 
them out in the firſt Column u 
der M. ſign.fying ute u 
oppoſite to thoſe Minutes, ani 
under the Title aforeſaid, 50 
{hall have the Logarit hm of thi : 
Sine or Tangent, of the Ard 1 
or Angle required. 4 


ber of Degrees or Minutes of the Quadrant, may be jound in the Tables, rio 2 
ed at the End of this Book, where they are e plainly expreſſed, and are "x 3 


as directed i in the precedent Rules. 


Tangents and Secants. 

But if the Arch or Angle of a Triangle ex- 
Ceed 45 Degrees, you muſt then look for the 
W Sine or Tangent belonging therennto, in the 
bottom of the ſaid Table; and if thereunto are 
Minutes annexed, you muſt look for them in 


— Ithe firſt Column to the Right-hand under M, 


Wand fo oppoſite to thoſe Minutes in the Column 


arch or Angle, of the Triangle propounded. 


58 


227 M. whoſe Log-Sine, whereof according to 
the former Directions, I find to be 9. 635833, 
nd Tangent thereof to be 9. 680768, and ſo 
for any other under 45 Degrees. 218 
Again, ſuppoſe it were required to find the 
Log-Sine or Log-Tangent of an Angle of 64 D. 
23 M. the Sine whereof I find to be this Num- 
ber 9. 955065, and the Tangent thereof 10. 
319231, and fo for any other Arch, or Angle 
of a Triangle, above 45 Degrees. 


3 e 7 ©: 
1 find the Co-Sine or Co-Tangent of any Arch, 


* 


nu oer Angle propounded. 


= Def. The Co-Sine or Co-Tangent of an An- 
ale or Arch, is the remaining part of the An- 
2 gle propounded to a Qnadrant or 90 Degrees; 
Ard and is by ſome called the Complement of an 
Angle. Thus the Arch or Angle of 64D. 23M. 
ie taken out of 90 D. leaves 25 D. 37 M. for its 
Complement; on the contrary, if 25 D. 37 M. 
were taken out of 90 Degrees, there would re- 
9 main 


„above the Title, Sine, or Tangent; there have 
"Fj ou the Log. of the Sine, or Tangent, of the 


= Examp. Suppole it were required to find the 
Log- Sine or Log-Tangent of an Angle of 25 D. 


4 


1. 


44 
7 


Quadrant or 90 Degrees. 


The Explication of the Sines, &c. 


main 64 D. 23 M. for its Complement. So you 
ſee that theſe two Angles are the Complements 
of each other, becauſe they two are equal to a 


Now the Logarithm of the Complement may ® 


be exaQly found with eaſe; for the Sines and | 
Tangents of every Degree, and Minute of the 


Quadrant in one Column is joyned with his 
Complement in the next Column; ſo that with- 


dut ſubſtracting the Angle from 90 D. you may 


37 M. is 9. 635833, Tang. is 9. 680768; ſo 3 


Jo find the Secant of any Arch or Angle propounded. 


down the Tables of Artificial Secants at large, 


Sines. The Method is thus, ſubſtra& the Lo- 


remainder ſhall be the Secant required: As if I 


readily find the Complement thereof either the 
Arch in Degrees and Minutes, or the Log-Sine, 
or Tangent thereof, as you have occaſion : 
Thus the Log. of the Sines Complement before 
mentioned, to wit, 64 D, 23 M. Compl. is 25 D. 


64 D. 23 M. is the others Compl. whoſe Sine is 
9. 955065, and his Tang. is 10. 319231; 0 


for any other. 


PROP. III. 


In this little Book I have not room to ſet 4 
as I have done with the Sines and Tangents: 
Nevertheleſs I will not here omit to ſhew how 
they may be eaſily found out, by the Tables of 


garithm Sine, of the Sines Compl. of an Angle, P 
from the double Radius of the Tables, and the 


deſire the Secant of 25 D. 37 M. I find the Lo- f 
garithm-Sine of his Complement to be 9. 955065, 
which ſubſtracted from the double Radius, that 


is 


Geometrical Propoſitions. 45 
W- 20. 000000, there remains 10. 044925, which & 1. 
WE. the Secant of it, and fo the Secant of 64 D. 

EZ M. is 9. 955065, which is the Complement 

ft the former; becauſe they both are equal to 

Fo. 000000, the double Radius, and fo may 
ny other be found out. 


1 — — 


„ 
| Of GEOMETRY. 
i 1 PTR E End and Scope of Geometry is 


23 to meaſure well: For as Number 
Ir Multitude is the Subject of Arithmetick, ſo 
4 Magnitude that of Geometry: To meaſure 
ell, is therefore to conſider the Nature of eve- 
y thing that is to be meaſured; to compare 
ach like things one with another, and to un- 
Nerſtand their Reaſon and Proportion, and alſo 
SFheir Similitude : And this is 1 
e End and Scope of Geo , ae aut 
ſet metry *. won * NEN 
ue C interit. Geometria, ejus quod eſt ſemper, Cognitio eſt. Ac tollet 
. itur (8 Generoſe vir) ad veritatem, antmum : atque ita, ad Philoſophan- 
Fun preparavit cogitationem, ut ad ſupera convertamus : qud nunc, contra 
am decet, ad inferiora dejicimus, &. Plato lib. 9, de Rep. 


* Quod quæritur conoſcendi 


1 ſhall not trouble you with the Definitions 

f Geometry, they being largely hand led by 
any, and herein every one meanly converſant 

In the Study of the Mathematicks is acquainted, 

Put ſhall immediately fall in hand with the 

rind pal Propoſitions which chiefly concern the 
Other following parts of this Treatale, 
a SECT, 


81. 


dicular Line: To P 


Geometrical Propoſitions. 


ow 
| The Explication of ſome Geometrical Pro- 
CO Ss: 2» 


PROP. L 


To erect a Perpendicular on any part of a Line 3 


aſſigned. 


E the Line be A, B, and on the Point D, 


*tis required to raiſe a Perpendicular to A, 
B: To operate which, firſt open your Com 
paſſes to any convenient diſtance, and placing 
one Foot thereof in D, with the other, make 
the two Marks C and E equidiſtant from D; 
then open the Compaſſes to ſome other conve- 
nient diſtance, and ſet one Foot in E, and de- 
ſcribe the Arch FF; then likewiſe in C, de- 
ſcribe the Arch GG, then through the Interſ- 
ctions of theſe two Arches, and to the Point D, 
draw HD perpendicular to AB, as was re- 


quired. 
Cf 
To ered a Perpendicular on the End of a Line. 


Compaſſes to any 


** 


Let the given Line be AB, and on the End 
thereof at B, tis required to raiſe a Perpen- 
erform which, open your 
iſtance as BD, then on Bas 
a Center, deſcribe the Arch D, E, F, then from 
D to E place BD; then placing one Foot in 
E, deſcribe the Arch CF, then remove your 
Compaſſes to F, and draw the Arch CE. 


—— 


Geometrical Propoſitions. 


which is a Perpendicular to AB, on the end B, 
Ras required. | 


| ""P R O P. II. 
From a Point above to let fall a Perpendicular 
on a Lane, 


: Let the Line given be B A, and tis required | 
From the Point above at C, to let fall a Per- 


), endicular to the ſaid Line: 'To pertorm which, 
A, Place one Foot of your Compaſſes in C, and 
n- {pen them beyond the given Line AB, and de- 


Eibe the Arch EF; divide EF into two parts 
gn D; Laſtly, draw CD, which ſhall be per- 
Pendicular — AB, falling from the Point 
: Fbove at C, as was ſo required. 


£ PROP. IV. | 
Wo draw a right Line Parallel to a right 1. | 
| at any di francs aſſigned. 
| Let the diſtance afſigned be O E, and the | 
Line given be AB, and ' tis required to draw 
CD Parallel to A B, at the diſtance OE : To 
. which, take in your Compaſſes the di- 
] ance OE, and on A deſcribe the Arch H, and 
pn B the Arch K; then draw CD, fo as it 
may juſtly touch the two Arches, but cut them 
Bot; fo ſhall CD be parallel to AB, at the 
ſþlligned diſtance O E, as was s required. 


Laſtly, through their Interſection draw CB, $1 I, 


| 
| 
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iJo. 6. 


Eg. 5. 
an Angle of 40 Degrees: To perform wh 


required. 


Eg. 5. 


f Geometrical Propoſitions. 


p ROP. V. = 
'To protres an Angle of any Quantity 7 Deen 
propounded. | 


Let it be required to protraft, or 10 dow 


Hirſt draw a right Line as AB, then open yol 
Compaſſes to 60 Degrees, in your Line 
Chords : And with that Diſtance on A, deſcrill J 
the Arch EF; then take 40 Degrees in ya J 
Compaſſes out of your Line of Chords, ai 
place it on the Arch, from F to H. Laff F 
through the Point H, and from A, draw A0 1 
to hal the Angle CAB contain 40 Degrees, 3 


P R O P. VI. 
To meaſure an Angle already protrafted. 


Let the Angle given be CAB, and tis nll 
quired to find the Quantity thereof: To pal 
form which, take in your Compaſſes 60 DX 
grees from your Line of Chords; and on A e 
ſcribe the Arch EF, then take in your Com 
paſſes the Diſtance F H, and apply it to yo 1 
Line of Chords, and you will find the. al 
CA Ft to contain 49 Degrees. 


PROP. VI. 
| To divide an Angle i into two equal parts. 


Let the Angle given 3 BAC, and *tis r. 
quired to divide it into two equal parts: 7 | 
perform which, do thus; firft take in you 9 
Compaſſes any convenient Diſtance, and placing : 


„Ne 
3 
208 
3 g 


8 


+36 


1X 


* 
bo” 
2 


Geomet vical Propofit zons. 49 


one Foot in A, deſcribe the A F KHE; 9 1. 
hen on H, deſcribe the Arch K K, and on K, 
he Arch HH. Laſtly, through the Iaterſections 


. f theſe wo Arches, draw the Line AD, to 


11 and DA C, as required. 
you PROP. VIII. 


* 
i 


Je 4 Frapounded. 


et diſtance from the firſt Di- 
Fiſion of CD to the Tangent- 
Lie CF, which diſtance ſhall 
vide AB into 5 equal parts, 
Vous the given divided Line CD, 
Field Þ required, . 


he Angular Point A; ſo ſhall the Angle BAC, 
We divided into two equal parts, viz. BAD, 


© 7» divide a right Line into any Number of equal 
= or unequal parts; or like to any divided Line 


Let the Line AB be given to be divided into Fig. 7. 
equal parts, as the Line CD. To perform 
rhich, do thus; firſt on the Point C, draw out 
Line, making an Agle with CD at pleaſure, 
hen make CF equal to AB, and join their Ex- 


_ Theſe two Propoſitions, well 
under ſtood, do demonſtrate man 


other Propoſitions; and thereon 
is grounded the Uſe of the Se- 
for, which is the moſt univsr-+ 
ſal Inſtrument fer Mathematical 
Operations. 


PROP. 


Geometrical Propoſitions. 
PROP. IK =_ 
How 10 protra or lay down any of the Regalarſ 3 
Figures, called Polygons. 3 

To perform which, divide 360 Degrees, he 
Number of Degrees in a Circle) by the Number 
of the Poligon his ſides: As if it be a Pentagon 
by 5, ifa Hexagon by 6, &c. the Quotient is the 
Angle of the (enter; its Complement to 180 D. 
(or a Semrcircle) is the An gle at the Egure, halif 4 
whereof is the Angle of the Triangle at the Fi. 
gure: Now Iwill ſnew how to delineate any Pe 3 
1ygon three ways, viz. 1 by the Angle at the Cen 
ter, 2 by the Angle at the Figure, 3 by the A | 
of the Tie at the Figure: T have hereunto 
annexed a Table, which gives at the firſt Sight 
(without the trouble of Diviſi on) 1. the Quan 
tity of the Angle at the Center; 2. the Quan 
tity of the Angle at the Figure; and 3. th 
Quantity of the Angle at the Triangle of theſ 3 
Fi igure, from a Triangle to a Decagon. 'Y 


WAY 


Names of | © PODS at 3 at | Angles at 
the Poly- he Center |the Figure the Trian. 
MN l 


Sans. 3 D NM DB 


Triangle 3120 oo | 60 O 
Square 4 90 00 | 90 00 | 
Pentagon 72 O jIo8 oo | 


Heptagon | 7 51 43:{128 342 
Octogon 45 00 [135 oo | © 
Nonagon 40 O0 140 o 
Decagon |10! 36 O0 [144 00 


3 

x 

I 
Hexagon | 6| 60 oO 120 GO 

* 

2 

© 


a+ 
#k"5y 
a 7 
7 4; 
id. 
WY 
2 
Yy we 


Degrees; | 
by Prop. the 5. aforegoing) making its ſides 
f a convenient Length at pleaſure; then take 
uch a diſtance from O the Center of the Fi- 
ure, equally on both ſides, as may make the 


Geometrical Propoſitions. 
ConsTRxucTion I. 


Hexagon, whoſe Angle at the Center is 60 
firſt lay down an Angle of 60 Deg. 


Vhird fide equal to the fide of the Polygon given, 
which here is 100 parts: if 


51 


d I, 


J Firſt by the Angle at the Center, to delineate Fig. 9. 


Then divide the third fide 
EZ&qually into two equal parts, 
End draw a Line through it, 
From © the Center: Set each 
half of the fide of the Polygon 
Joo, to wit, 50; on each from 


In order; deſcribe the. whole 
Hexagon PPPPPP, as was re- 


| he middle of the third Line : 
Thus having placed the ſide 
pf the Hexagon PP, 100 parts 


* But this in a Hexagon need 


not be done, becauſe the 3 ſides 


of the Trianzle are equal; but in 


al other Pohgons it muſt be 


done. 


+ But if the third Line do ex- 


ceed or be ſhort of the ſide of the 


Polygon proprunded ; then by Pa- 
rallels on : ach ſide, cut the fides 
of the Triangle, till you bave found 
by thoſe Interſections where to 


ſet the Line propoſed in any Poly- 


gon, &c. 


3 zuired. | | . | 2 
* ConsTaRvcrtion II. 


No by the Angle of the Figure, to delineate 


5 my regular Polygon, let it be required to pro- 
ſract a Hexagon, whole fide as afore is 100 parts; 


yrſt I draw a Line, and make it 100 of thoſe 
4 \ngle of a Hexagon at the Figure to be 120 


lay down an Angle of 120 Deg. (according 


. o the 5 precedent Propoſitions) and ſo work 6 


E 2 TUNES, 


Fig. Io. 


Parts: Then I find in the precedent Table the 


Pegrees. Then on each ſide of the drawn Line 


| 


* ; 
52 Geometrical Propoſitions. | 
§ 1, times, (or as many times as your Po/ygon hath 4 
| ſides) making each fide 100 parts, and each 
Angle 120 Degrees; ſo ſhall you have encloſed |? 
the Po/ygon PPPPPP, as required. t. 


Cons TRUCTION HI. 
Fig. IT. To protract or lay down a Hexagon, or any 


other regular * by the Angle of the Tri. 
angle, do thus; firſt draw the ſide of the Hexa. 


gon PP, make it 100 parts. I find in the pre. 
cedent Table, that the Angle of the Triangle 
is 60 Deg, then at each end of the Line PP, I 
„ lay down an Angle of é Deg 
| — Obſerve theſe Rules | 


well; for you will find them of (by Prop. Fs precedent ) And : 
infinite Uſe in Fortifcation, &c. continue the two Lines PO 
1 85 and PO until they inter fed 
each other in O: Then on O, as a Center (OM 
being Radius) deſcribe a Circle, and within it 
deſcribe the Hexagon PPPPPP, as you ſee in 
the Figure: And ſo may you delineate any 
other Polygon, whoſe Angles from a Triangle to 
aà Decagon, are all ſpecified in the precedent 


Table. * 
5 5 P R O P. X. 


IJ divide a Line according 10 any ale ned Pri F 
8 | VVV e 


K . 35 


Eg. 12. Admit the right Line given to be AB, and 
Iꝛiꝛjs required to divide the {ame into two parts IC 
bearing Proportion the one to the other as th: 

Lines E, and F doth : To perform which, fir. 

draw the Line CD equal to the given Line AB; 

then draw the Line HC from C, to contain an 

Angle at pleaſure, Then from C to G 1 £ 


Geometrical Propoſitions. 


| Then draw the Line HD. And laſtly, draw 
FR GK parallel to HD, (by the 4 Prop. precedent) 


to two parts, bearing ſuch Proportion to each 
other, as the two given Lines E and F, as was 
required, e 


N 
RI, 
3 
91 
15 
FRY A 
v3 


PROP II. 


3M 
5 2M 
35 8 
one 
7 
1 5 
wy 
© = 
- 0 
i . 
5. 
- 


to each of them. 


e A 
[ 
y 
| 


' Admit the two given Lines be A and B, and 


. 7 
* 

. 7 

* 

3 3 

5 * 
78 

a 

by 22 
1 22 
4 


UBSHIK ; then place the Line B from I unto P, 
Band the Line A from I unto L, and draw PL, 


draw QM, parallel unto LP, (by 4 Prop.) ſo 
in hall the Line IQ be a third Proportional unto. 
the two given Lines A and B, as was required. 


% 


a 15 
o three Lines groen to find out a fourth Pro- 


14 
„ Portional unto them. 


nd [ Admit the three given Lines to be A, B, and Fig. Th 


ro C; and 'tis required to find a third proportio- 
tif nal to them, which ſhall have ſuch Proportion 
irt gunto A as B hath unto C. To perform which, 
rſt make an Angle at pleaſure as DRG, now 


as the Line A, unto the Line ſought ; There- 
1 | E 3 | fore 


Þ ſo is the Line DC equal to AB, and divided in- 


; To two Lincs given, to find a third proportional 
tis required to find a third Proportional to A, 
WY as A to B: Firſt make an Angle at pleaſure, as 


UB then alſo place the Line A from I unto M, and 


For as B is to A, fo is Aunto the Proportional 


eeing the Line C, hath ſuch Proportion to B, 


53 


the Line F, and from G to- H place the Line E: $ 1, 


Fig. 13. 


54 
d I. 


Fg. 15. 


Eg. 16. 

And this of all other the In- 
wentions of Plato, Apollonius, 42 
Sporus, Architas, Diocles, Ni- form which, firſt make an 
comedus, and many other fe- Angle containing 90 Deg. ma 


mous Geometricians ard Philo- ; 
ſophers, 1 libe beſt for the ready king the ſides CD, and CE * 3 


Performance of this Concluſion, à convenient Length : Then 
whoſe ſeveral Methods I could from C place the Line B unto ; 
| bere deſcribe, but for. Brevity F, and he Line A from C un- 
Jake u omit them. to G, and draw FG; which 


from K to F, and draw FH. Again, place the 7 
Line A from K to I, and draw IE parallel unto 3 
FH, (by 4 Prop.) until it cutteth DK in E; ſo 


as was required: For as C is unto B, ſo is as 
unto the found Line KE. 


To find a mean wo Line berween any rreg 4 I 


nal Line, 59 pa which, firſt joyn the 


proportional Line between the two given Line 4 


Geometrical Propoſitions. ; 
fore place the Line C from K unto H and B, 1 


have you the Line KE, a fourth Proportional, 


f bs # i 
P 8 
"8 
| IF 


right Lines groen. 


Let the two given Lines be A and B, W 3 
which it is N to find a mean proportio-· 


two Lines A and B together, ſo as they make 


the right Line CED; Then deſcribe thereon 3 


Semicircle CFD; then on the Point E erect the 
Perpendicular EF. (by 1 Prop.) to cut the Limb 
of the Semicircle in F, ſo ſhall EF be a mean f 


A and B, as _—— 


To find reoo mean 1 pr 1 . between am * 
two right Lines given. 8 


Let the twogiven Lines be A and B, between 
which tis required to find tus f 
mean Proportionals. To per- 


8 


S n 
CY bo ” 
4 Te n 


THONG, 
Wy 


divide 


Geometrical Propoſitions. 


Pivide equally in H, and deſcribe the Semicrrcle 
ERG. Then take the Line B in your Com- 
aſſes, and placing one Foot in G, with the 

ther make a Mark in the Limb of the Semi- 

ircle in K, then draw ST in ſuch fort that it 

may juſtly touch the Semicircle in K, and may 

ut through the two ſides of the Angle, equidi- 

ant from the Center of the Semicircle H; fo 

Fall SF and TG be two mean Proportionals be- 

3 tl the two given Lines A and B, as re- 

8 Ulred. | | | 


=: . : 
N © ö ; ” X 5 
3 ION 


Geometrical Squares. 


Let there be given the 5 ſides of five Geome- 
ical Squares, viz. A, B, C, PD, E; and tis re- 


Ihe ſaid five Squares: To perform which, firſt 
Fake a Right Angle as ABC, making its con- 
FRained ſides of a convenient Length. Then 
from B place A to D, and from B place B to 
FRE. and draw ED; then place ED from B to F, 
nd C from B to G, and draw GF; then place 
F from B to H, and D from B to I, and draw 
H, Laſtly, from B unto K place IH, and 
from B unto L place the Line E, and draw LK. 


2 45 

£ z® 
7 © 15 
_ 


Ti I the five Squares propounded. 


3 
8 


Jo make a Geometrical Square equal to divers 


Fg. 17. 


; I quired to make one Geometrical & quare equal to 


So ſhall LK be the fide of a Square, equal to 


þ , q 
4 $5 

53 . . 
. 
5 

Ns — a 9 

WI. v7 

3 


Jo matte a Circle equal to divers Circles propoun 1a 


Fig. 18. 


cle A, and place it as a Tangent on the Diame- 


vide equally in F, on which as a Center deſcribe Þ 


+ Fo after the ſume manner, Diameter, of which Circle K q 


may divers 


one by the help of the former Pro- 
de ſit ion well ander ſtood, 


/ Planometry, or the way to meaſure any - 


is found, which is done moſt commonly by the 
Squares of ſuch Meaſures, viz. 4 Square Inch, 


Geometrical Propoſitions. 


2 
8 


Let the two Circles propounded be A and B, 
and 't is required to make a third Circle, equal 
to the ſaid Circles propounded. To perform 
which, firſt take the Diameter of the leſſer Cir- 


ter of the greater Circle B, at right Angles, as 
ECD. Then draw the Diagonal ED, which di. 


the Circle K, making ED the! 

Cai ig cre ee ſhall be mou unto the two 
Stven Circles A and B, as re 
— 


tent of any Figure is ſaid to be found, when Þ 


——— 


1 . 7 Wu 4 N * 


SECT. IL 


5 4 
18 
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<3 
755 
2 « 
7 

9 

1. 
0 « 


plain Superfice. - 


Lanometry is that part of the Mathematicks 

derived from that noble Science Geometry, 
by which the Saperſicies or Planes of things are 
meaſured, and by which their Superficial Content 


Square Foot, 8 quare Tard, Square Pace, Square 0 
Perch, &c. That is, whoſe ſide is an Inch, Foot, Þ 
Tard, Pace, or Pearch Square. So that the Con- 


Wi 
Wo 
A 
” 
&L 
- * 
* * 
2 
* ted... * 
* 
. 
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N vou Knorr how many ſuch Inches, Feet, Tards, 9 2. 
I Paces, &c. are contained therein. Thus the End 
and Scope ol Geometry is to meaſure well. 


PROP. * 


11 0 ed the Super -ficial Content of a Geometrical 4 
| Square. 


? 15 ths ſide of the Square AA be 4 Perch, Fig. 19. 
ha is the Area, or Superficial Content thereof? 


14 find which multiply its ſide 4, by its felt, 
it produceth 16, which is the Content of chat 


ae AAAA Yn 


PROP. II. 


1. find the Superficial Content of a Parallelogram; 
e long Square, 


5 | Multiply the Length i in Parts by the Breadth Fig. 20. 
1 in Parts, the Product is the Content thereof. 
Fe! in the Parallelogram, or long Square ABCD, 
the Length of the fide AB, or CD, is 20 Paces, 
and the Breadth AC, or. BD, is Io Paces, and 
his wy pn Content i 18 required. I fay there- 
Wore if according unto the Rule, you 93 | 


„ Fly the Length 20 by the Breadth Io, it 
1 | duceth 200 Paces, which is the Content of 
the þ Parallelogran or long "_ ABCD. 


Eq 


PROP.” 


To fd the Super fioial Content of any Right-li ned 


an Equilateral, Iſoſceles, or Scalenium Triangle: 1 


The Rule, 


Product is the Area or Superficial Content. wp 
"To find which, firſt from the Angle B let fal 


Perpendicular BD be 24, and the Boſe AC 4 


of is 528, the Content of the Triangle ABC b 
propounded. . 5 1 


Eg. 22. 


angled, i. e. Acute-angled, or Obtuſe-angled. &. 


Geometrical Propoſitions, 


Triangle. 7 
Although right-lined Triangles are of ſeveral | 
Kinds and Forms; as firſt in reſpect unto their] 
Angles, they are either R:ght-angled, or Obliqus. 


condly, in reſpect of their ſides, they are eite 
But ſeeing they are all meaſured after the ſam 
manner, I ſhall give one general Rule, whichÞ#) 
is this: My the Length of the Baſe by tb f. 
Length of the Perpendicular ; the haif of thi 

if the Content of the Triangle ABC be required: 


the Perpendicular DB, on the Boſe AC, ( 
Prop. 3.5 I.) let therefore the Length of the 


parts. Now it the Baſe AC 44 were multiply: 4 
ed by BD 24, the Product is 1056, half where. 4 


To find the Superficial Content of a Rhombus. . 
Firſt lev fall a Perpendicular from one of the | 7 


Obtuſe- angles unto its oppoſite ſide, (by Prop. Ne. 


$1.) and then multiply the Length of the ſide 
thereof by the Length of the Perpendicular, theta 
Product is the Content thereof. , pe 


® 


Geometrical Propoſitions. 


do in the Rhombus ABCD, the fide AC, or 
ÞD is 16 Inches, and the Perpendicular KC is 

1 $34 inches, which multiplied into the ſide 16, 

; ett 224 Inches; which is the Area, or 

| 3 Content of the Rhombus * pro- 
pounde 


| Fro find the Superfic zal Cont ent of a Rhomboides. 


Propoſition, then the Length thereof multiply 
the Len gth of the Per 1 8 the Pro- 
Tut is the Area, or Superficial Content thereof. 


H, or ED is 32 Feet, and the Length of the 
|. erpend; cular HK is 16 Feet, which multiply- 
d together produceth 512 Frer, which is "the 
Hrea or Superficial Content of the Rhomboides 
1 5 . 


44 

by © | P R OP. VI. 

1 2 fol the Superficial Content of Pohgon, or 
0 j many equal i ft ded we, 


[ Fe. 94. Firſt, from the Center unto the 2 
Ile of either of the ſides of the Polygon let fall a 
Ferpendicular, (by 3. Prop. C I.) then multiply 
Þ She Length of half the 3 by the Perper- 
N 3 the Product ſhall be the Superficial Con- 
ent of the Polygon. 

J. Admit the Polygon to be an Hexagon AAAA 


N Fendiculr BE 19 Feet; now, if 66, halt the Pe- 
; riphery, 


For in the Rhomboides EDAH, whoſe Length 


59 
d 2, 


| [ Firſt let fall a Perpendicular, as in the former Eg. 2 3 


Fig. 24. 


1 1A, whoſe ſide AA 1s 22 Fret, and the Per- 


60 


82. 


Zure are as in Plate 9, what's the Content? 


Feet; which is the Content of the Polygon . W 
> To find the Area or Superficial Content of an i 7 


ih £ 
meaſur'd by dividing it into Triangles ;; wi 13 
done, meaſure each Triangle ſeverally, and al 


ol the Diameter, their Product is the Super fi | 
Content thereof. 4 


of? (by the 9 Prop. & 2.) I find the Diameter ui 


the Superficial Content of the Circle ACDB, a | 


Geometrical Propoſe tons. | 
riphery be multiplied by 19, it produceth 12; 


Oc. as required. 


PROP. VII. 


regular Faure or Po Nan. 


This and the like Figures are pradt 


the ſeveral Contents together, ſo will the Sum 1 
be the Content of the ſaid Figure. © 4 
* Suppoſe the Dimenſions of an irregular FI 


Work according to the preceding Directio | \ 
and Von ſhall find 2375 Foot 6 Inches. f 


'P R O P; VII I. 
To find the S wperfical Content of a Circle. 


Multiply halt the Circumſerence by. one hal f 0 
Admit the S * 4 circle ACBI , 
be 44 Inches, what 1s the Area or Content then Þ 
be 14 Inches, therefore I ſay if 22, half the Gl 1 
cumference, be multiplied by 7, half the Dil þ 


meter, it ſhall produce 154 Inches; which i 


required ; 


Geometrical Propoſitions. 61 
5 9 2. 


y the Diameter of a Grete given, to find f e 
5 Circumference. 


1 Suppoſe the Ba be 14, what is the Cir- 
ference? The Analogy or Proportion holds 
us, as ) to 22, fo is 14 unto 44, the . 
Pence required. 


PROP. X. 


the Circumference of a Girele given, to find 
the Diameter, 


4 Guppoſe the Circumference of a Grele be 44, 
That is the Diameter ? The Analogy or Propor- 

e is as 22 to 7, ſo is 44 unto 14, the Dis- 

eier required. 

But here note, Theſe Proportions of 7 to 22, 

Ind the like, are courſe, and fit only for rou gh, 
| alculations : And therefore where Exactneſs is 
E&quired, the following Progortions: muſt. be 
a ed; which i RM 

af As 113: 355, or as 1: 3. 141592, &e. ſoi is 
the Diameter to the Ci cumference. 
DURR The firſt of theſe is Adrianus Metius 5 pro- 
ere portion, being the neareſt in feweſt Figures; 5 
of e ſecond is Archimedes $ Numbers, and is very 
9 Jonvenient, by reaſon the Labour of Divifi ion 


171 $ ſaved, the WE Term "yp Unity. 


. 
a Ny 
* 
I 
5 
* a 
F< 


P. 
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9 2. 


what is the Circumference, the Analogy, or ProfÞ 
portion? 9 


the Content of the given Circle; to the Squan 
of the Circumference 1936, whoſe Root being er 
tracted, as is taught (in Prop. 8. > 1. Chap. 1) 


154 parts, what is the Diameter thereof? I 


„ 


Geometrical Propoſitions. 


By the Content of a Circle groen, to find the Cir 
yy” (oe 


Suppoſe the Content of a Circle be 154 17 


As 7 unto 4 times 22, which is 88, ſo is 15 4 | 


gives the Circumference 44, as required. 


⁵Lix RE 
By the Content of a Circle given, to find i 


| Diameter. 4 
Suppoſe the 8 uperficial Content of a Circle b : 


find which, this is the Analqgy or Proportion. 
„ 8 J 
To 4. times 7, which is 28, „ 
So 1 154, the given Content, : 
To the Square of the Diameter 196, whoſe 
Root being extracted (by 8 Prop. chap. 1. H 0% 
giveth the Diameter 14, as required, — 


rnb R 
By the Diameter of a Circle given to find the ft 
of a Square equal thereto, F 
To find which, this is the Analogy or Pref 


* 


Geometrical Propo fi tions. 


Ll 


| As 1. 000000, 
To o. 886227, 
So is the Diameter of the Circle propounded, 
To the ſide of a Square, whole Superficial Con- 

1 ile Es 

PROP. XIV. 


fide of a Square equal to it. 


This is the Analogy, or Proportion. 
As I. 000000, N 

Jo o. 282093, ; 

So is the Greumference of the Circle pro- 


Fircle. 


Z PR 0 p. XV. | 
I be Content of a Circle given, to find the fo de ; 
| of a Square equal to it. 


To do which, extract the Square-Root of the 


0 ual thereunto. | 
PRO p. XVI. 


ub . of an inſcribed Square. 


This is ay Analegy, or Proportions 
„ As 1. 000000, 
dds To 
g loo, 707 197, 


5 5 


4 ent, is equal unto the & uperficial Content of the 


4 By rhe Circum ference of a Circle given, to find the 


Founded, to the ſide E a Square equal to the 


ontent pro opounded, (by Prop. 8. Chap. 1 . K. 1.) 
Pis the Root the fide of a Geometrical Squarey 


! Y he Dianeter of a Girele given, to find the 9 de 


63 
92. 


8 


42 


ed, to the ſide * the inſcribed Square. 


Hg. 26. 


\ 
N Ou, 
4 : 


70 the fu de of the ſcribed S quare. 


Dy 7 bs Circumference of a Circle given, to find th 


propounded. 


Product thence ariſing is the Area or r. lech. 


Geometrical Propoſitions. 
So is the Diameter of the Circle Propoundet 


PROP. XVII. 


ſide of an inſcribed Square. 


A AO St Ky? my 


This i 1s the Analegy, or Proportion. 3 
As I. 000000, = 

3 0. 225079, 
So is the Clrcunference of the Circle propounlff 


'To find the Superfia een . an Oval, crÞ 

h E lerpfis. 5 1 

Let the Opa! given be ABCD, and *tis | 1 
8 to find the Area or Superficial Conte 
ereof: To do which, multiply the Leng 


AB 40 Inches, by the Breadth CD 30 Inch 


the Product is 1200. Wich divide by 1. 2732 F 
the Quotient is 942 733 parts. Which is t 
Area or Superficial Content of the Oval AK : 


F 
—* Fog PAIR n * 8 


P R OP. NIX. 


1 the Superficial Content of any Sefton, a 6 | 
rom a Circle, by Lines drawn from the Center. 


Miultiply half the Circuit of the Section = 
the Semdiameter of the whole Crrcle, and th 


Content thereof. 


Geometrical Propoſitions. 
Suppoſe there be a Circle whoſe Diameter 1s 


is 11 parts, and the Content of the ſaid Qua- 
drant is deſired: To find which, multiply 5 
or 5.5 half the Circuit of the Cuadrant by 7 the 
Semidiameter, the Product is 28 ++, which is the 
Content of the 3 ABC propounded. 


th 


P R OP. XX. 
Io meaſure a Parabola, which is 1 Eigure bound- 


with a plain Par allel to the ide thereof. 


; The Rule for meaſuring it 1s, to multi ply - 
Phe Line AB by the Line DC, and the Product 


| ü Quote is the Area of the Parabola: 

W Suppoſe the Breadth of a Parabola by 29 Foot, 
Ind the Length or Height 45 Foot, what's the 
j \rea ? Work according to the preced: ng Dire- 


4 to de the Area. 


f 8E C T. it. 


'Y Stereometry : Or the way how to meaſure 
any Regular Solid. 


8 ſpringing from Geometry, by which the 
ay Content of all ſold Bodies are diſcovered by two 

AMultiplications or three Dimenſions, and is va- 
Ou] 


ed by two Lines; one of which is curve, the 
other ftrait : It zs generated by cutting a Cone 


; Peain by 2. This laſt Product divide ey 2, the -- 


ion, and you ſhall find 870 Foot 21 Inches, 


Ter eometry is that part of the Mathematicks, 


F lued 


65 


d 2. 
14 parts, and the Circuit of the Quadrant ABC Lig. 27. 


66 
93. 


Pd 


Geometrical Propoſitions. 


lued by the Cube of ſome famous Meaſure; as 


an Inch-Cube, a Foot-Cube, a Jurd- Cube, or a 


Perch-Cube, &c. 


„„ 
To find the ſolid Content of a Cube. 
Multiply the fide into its ſelf, and that Pro-, 


duct by its fide again; their Product is the {of 


Fig. 28. 


Fig. 29. 


lid Content thereof. 3 
Suppoſe there be a Cube A, whoſe ſide 1s . 
Feet, and his folid Content is required: I ſay, 


it his fide 2 be multiplied by its ſelf, it produ-i 


ceth 4; which again multiplied by 2, it pro- 


duceth 8 Feet, which is the ſolid Content of the 


Cube propoynded. 
To find the ſolid Content of a Parallelopipedon. 
Firſt get the Superficial Content of the End, | 


(by Prop. 1, or 2, $2.) which multiply into the 7 


Length, the Product is the ſo/:d Content. 5 

Suppoſe there be a Parallelopipedon B, whoſe 
ſides of the Baſe is 40 and 30 Inches, and Length 
120 Inches, and his ſolid Content is demanded: i 
I ſay if you multiply 30 by 40, the Product vi 


1200, which is the ſuperficial Content at the 
Baſe ; Which multiplied by the Length, 120 


Inches produceth 144000 Inches, which is the 


Solid Content of the Parallelopipedon B, pro- In 
pounded. 1 = 
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5 „„ 
a p R 0 II 
To find the ſolid Content of a Cylinder. 


Firſt get the ſuperficial Content of the Circle 
Lat the 890, (by Prop. 8. & 2.) and by that mul- 
Itiply its Length, the Product is the / olid Con- 
tent. 

Suppoſe chere be a linder, as D, whoſe Fig. 30. 
Diameter of the Circle 7 the Boſe i is 7 parts, 

End the Length of the Cy/znder is 14 parts, and 

Ttis required to find the ſolid Content thereof: 

WFirſt I find the ſuperficial Content of the Baſe 
tobe 38.5, which multiplied into 14 the Length, 
Eiveth 539 parts, which is the lid Content on 
7 © — propounded. 


0 P. IV. 
1 find the Solid Content of a Pyramid. 


Y Firſt get the ſuperficial Content of the Baſe * 
Fhe Pyramid, (by ſome of the aforegoing Pro- 
{ poſitions in P/anometria) and then multiply . 
| hat into 4 of his Altitude, the Product is the 5 
lid Content thereof. 
6 ö 1 there be a Pyramid H, whoſe ſide of Fg. 31. 
ne Baſe is 4.5 parts, or 4 c, and his Altitule 

2 parts, and his oli Content is required: 
; irſt I find (by Prop. 1. § 2.) the Superficial Con- 
ent of the Baſe to be 20 TE or 205; which 
multiplied by 4, (which is + of the Altitude 12) 
Produceth 81 parts, for the ſolid Content of the 


4 Jramid propounded. 


83. 


Fg. 32. 


Fig. 33. 


Geometrical Propoſitions. 


PROP. V. 
To find the ſolid Content of a Cone. 


-—— Rm Aid the Supe? -ficial Content of the Girl | 
at the Baſe, (by Prop. 7. & 2.) then multiply it 
by ol its Altitude or Heighth, the Product is W 


the ſolid Content thereof.“ 


Suppoſe there be 4 Cone as B, 1 Diane. 1 


ter of the Baſe is 7, and his Altitude or 0 
1s 15 parts, and his ſolid Content is required: 


Firſt, I find the ſuperficial Content of the Baſe to. 
be 38 2 2 or 38.5; which multiplied into 5, cl T 
ba its Altitude or Heighth) produceth 192. 5 N 
2, which is the ſolid Content of the Cone pro 75 


pounded, 


PROP. VI. 


By the Diameter of a Globe to find his wal R 


Content. 


"This is the Analegy, or Proportion, 
As 6 times 7, which is 42, 
Is to 22; 


or Globe propounded, 
Io the ſolid Content thereaf. 


Suppoſe there be a Sphere or Globe, whoſil : 
Diameter is 12 Inches, what is the ſlid Coment| N 


thereof? Say, (lee the Globe R.) 
43 © 
SEE : . 
So 18 17 28, the Cube of the Diameter, 


F, 
* 
% 
1 
A 
; Wb: 
_ 
Ko, 
54 
K * 
fa. 
&* 3 
- 
7 
> 
** 
8 


* 1 4 


So ts the Cube of the Diameter of the Sphere Z 


— —— 


— —— 
4 


Uh 


? 


(i 


Fl 
3 


— CC _——_—_—_——_——_— 


Geometrical Propoſitions. = 
To the ſolid Content 905 x £ or + of the Globe, 8 3. 
or Sphere propounded : 


and all other ſuch hke rs O Note, That every Sphere 


is equal unto two Cones, whoſe _ 
ſitions, are perfor med by the Height and Diameter of the Baſe 


| help of the firſt Propoſition is the ſame with the Axis of the 

of the firſt Chapter of this Sphere: And a Sphere is 1wo 

Book. thirds of a Cylinder, whoſe Height 
and Diameter of the Baſe is the 

| ſame with the Axis of the Sphere, according to the gth Manifeſtation of the 

— Book of Archimedes of the Sphere and Cylinder; that it, the Cylinder - 

= -ving the 8 88 Re and the Cone Ae are as 3. 2. 1. 


Lt. r . e OI, 8 e r . _— - 
8 JJ ns 3p One gg 7 ap EE. 31s 8 7 - - Ch 
oy 1 — +". A AE IK. x 1 - *. TY]. 2 2 
3 3 n 5 
W 2 


= Pp R OP. VII. 
y the Circumference of a Sphere, or Glob e, to 
s Find his ſolid Content. . 


This is the Analogy, or Proportion. 

As I. 000000, 

Fee. ies ) , 

Ho 75 the Cube of the reunſereace of the 
WG/obe, or Sphere propounded, 

= To the nds Content 5 


4 E 3y the Axis = a RR to a 4 Cube 5 
5 thereunto. | 


| This 1s the Anology, or r Proportion „„ 1 
AI. 00000, | 
Jo o. 80604, _ 
So zs the Axis of the Saber 1 3 
To the Cube-Roor, which ſhall be equal to it, 


F 32 PROP. 


70 . r 
8 2z | 


By the Ci Feu pn of 6 a Globe, to make a ol | 1 


equal thereunto. I 


This i is the Analegy, or Proportion. 
As 1. co0000, 
To o. 256556, 
So is the Circumference of the Globe propoundel | 
To the Cube-Root, which ſhall be * tote 9 
Sphere or Globe propounded. Y 


L | PROP, X. 


2 the ſelid Content of a Sphere or Globe, oi 
make a Cube equal thereunto. 3 


Extr at the Cube-R vt of the ſolid amm 0 4 
the Sphere or Globe, (by Prop. 9. $ 1. Chap. 18 
- ſhall the Root, ſo found, be the ſide of a Cur 
£qu; al unto the Globe or & phere propound ed, 4 


PROP. XI. 1 
A Segment of a Sphere being given to fad 10 
Solid Content thereof. Y 


To find which, firſt ſay, As the Altitude i 
the other Segment is to the Altitude of the Sy 
ment given, fo is that Altitude of the other Sl 
ment increaſed by half the Axis unto a four 
Then ſay, As 1, 10 1, 0472, ſo #5 the Produd iq 
. the Quadrant of half the Ci hord of the Gireuni® = 
rence of that Segment, multiplied by that foi 
jo the. ſolid Content of the Segment propounded, F 


| 5 

H 1 : 

( 7 N 2 

: 2 
1 


1 -CBAF. V. 
/ TRIGONOMETRY: Or 
= the Doctrine of Triangles. | 


I + STE 1 
Some General Maxims belonging to Plain, or 
1 Righi-lined Triangles. © 


R1iG60NOMETRY is neceſſary in moſt 
parts of the Mathematicks, and herein in- 


- plain or Spherical; comparing their Sides and 
les together, according unto their known 
£/ogies, or Proportions: So that any three 


1 xcepted, the other parts may be found out and 
Fnown. Now in the Doctrine of Right-lined Tri- 


| : 2 followin S · 


1. That a Right-lined Triangle is a Figure 
WEonſtituted by the Conjunction, or Interſection, 
f the three Right or Streight-lines in their An- 
les or Meeting-places : So that every Triangle 
ch ſix diſtin& Parts, viz. Three Sides, and 
Free Angles, — 


Need conſiſteth the moſt frequent Uſe of the 
= yr:thms, Sines, Tangente, and Secants: It 
converſant in the meaſuring of Triangles, 


Warts of a Triangle being given, the three Angles 


les, it will be neceſſary to know theſe Max- 


F 4 2. That 


71 


522 Plain Trigonometry. 
617, 2. That all Righr-hned Triangles are either 


Fig 34. Right-angled, that is, which hath one Right. i 


Angle, as ABC Fig. 34. Or Oblique - angled, 


whole 2 Angles are all Acute; that is, leſs Wi 
than a Quadrant, or 90 Deg. or elſe they have 3 


One angle Ovruſe, or greater than a Quadrant: 

So all Liangles that have not one Right-Argle, 
Fig. 36. are called Oblique-Triangles ; as Fig. 36. to wit, 
. the Jianglęe ABC. 


3. That the three Anzles of any Right-linel YG 
Triangle, are equal unto two Righr-Angles ; ot 
180 Degrees So that any two of their Angles 1 
being known, the third Angle is alſo found, 
being the Complement of the other two, unto E 
180 Degrees; but this is more readily found ; in 
a Rellangled Triangle; for the Rectangle being 


e 
6 $0 Y 


a Qladrant, or 90 Degrees, one ot the acute 


Angles therefore being given, the other is rea: 


dily known, being the Complement thereof unto 2 


90 Degrees. 


Fig. 35. 4. That the three ſides, comprevenditd the 4 
Triangle, ſome call Legs, others Sides; but nM 


Refangled Triangles, as in the T7 iangle AB. 1 N 
I call AB the Baſe, BC the Cat hetus, or Fecher 3 


dicular, and AC the Hypothenuſe. 


5. That the Sines of the Angles are propor-: 
tional unto their oppoſite Sides, and their Sid 
to their oppolite Angles : 80 that if the Side of a 
Triangle were deſired, put the Sine of the op- 
polite Age in the firſt place. Alſo if an An. 

gle be required, put the Ligerithm of his oppo· 


fre {ide in the firft place. 


That the Angles of any plain Triangle are 
1 by a Scale of Chords; but the Sidi 
of - plain Triangle are meaſured we ; 
| cal 


Plam Trigonometry. 
: F of equal Parts; as Inches, Feer, Jards, 
N oles, Miles, Leagues, &c. 


nan 90 Deg. and ſo not to be found in the Ta- 
les, take the Complement thereof unto 180 
| } Leg. and work by the Sine or Tangent thereof, 
nd the Work will be the lame. 


; ry, J have annexed and uſed theſe follow- 

Ing Symbols, which I would have you take no- 

ice : of. 

E Jual, or - Equal 10. X Difference. 

L More. | 8 Sine. 

= Ls. Sc Co-/ine. 

BE /iiphed by. T Tangent. 

Degrees, as 15. Tc Co-tangent, 

= Minutes, as 400. Se Secant. 

Fr. 4 Side. Sec Co- ſecant. 

„ Co. Ar. Comp. Arithmetic. 

An Anale. R ARight-angle. 

] V Angles. 2 R IT Rig bt-angles, 
2 dum. | Q Square, 


7. That if an Angle propounded be greater 


Aud here, for the more ſhort and e 
performance of theſe Concluſions in Tiigono- 


ale ONE SECT, 
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dx, 


74 lain Trigonometry. 


= SKEET. i 
9 2. V Plain Rectangled Triangles. 


* 


OSes e ; 
Two Angles and the Baſe of a Rectangled Trim 
Jie groen, to find the other parts. 4 


„Amit the Triangle given be ABC: Novi 
Be. 34 A the Angle at B is an Angle of 90e, or 
 Right-angle; and the Angle at Cs 57% 35', an 
- the Baſe AB 18 936 4 
Now firit I find the Angle at A to be 38 
255 it being the Complement of the Angle at (Mk 
unto 90? : Secondly, to find the Cathetus or Per 
pendicular; this is the Analogy, or Proportion. 
As 8, J, C, 57 35 —————9. 926488 


: To Log. AB. Baſe 736 parts——— 2. 8665 f 
es So 7s S. V. A. 32 25... — 9. 729 


To Log. of the Cathe-) —— 
tus, or Perpendicular PC p=————-—2, 6696 
46718 parts. = 8 | 
Obſerve Add the Log. of the third and ſecond Term 
- this for« together, and from their Sum deduct the LA 
8 of the firſt Number, ſo is the Remainder the 
 Trigmome- Log. of the fourth Term, or Number ſought, s 
— you ſee in the aforegoing Example. 
- Thirdly, to find the Hyporhenuſe AC, thi 
Analogy or Proportion holds thus. 
As S. J, C59 355 


25 . 
—— —— 


1 7 
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To LE. Baſe AB 736 parte, „ 
§o Radius or S. 90 Hg. 34. 


= To Log. Hypot henuſe AC 87173 g parts required: : 

EThus are the three required parts of the given 

1 * ABC found, v:z. the Angle A to be 32® 

F „the "athetiws B C to be 46 Jrs parts, and 
| Hypotbenuſe AC to be 871xg parts, as was 
Jo ſo required to be found. 


\ RO P. II. 

Ve Hypothenuſe, Baſe, and one of the Angles 
of a Reflangled ' rianęle even, to find zl 

außer parts thereof. | 


m the Tingle ABC the thy pot henuſe AC is 
S7 175 parts, the Baſe AB is 736 parts, and the 
| Hose at Bis known to be a R hr-angle, or 90*; 
%, to find the Angle at the Catheris C. the 
aalb y or Proportion holds thus. 
= 4 Les. Horben. AC 8717 parts Ilg. 34 
J Radius or S. 900. | | 2 


So Log. Baſe AB 736 parts, | 

Jo the S. V. at Cathetuws C57 35% 

IB S:condy, Now having found the Age at the 

1 ber C, to be 57? 35 I ſay the Ae of 

4 Wh; Baſe A is 325 25), being the Conpl. of the 

| „„ unto 90% 

„ Thirdy, to find the Catherus BC, this is the 

1 Linalozy or Proportion. 

Tl As Radius or S. 9 

? To Log. Hypothen. AC 8517 ' parts 3 : : 
* So S. V. at Baſe A 322 25. Eg. 34. 
To Log. Cathetus BC, 467 * parts required: 

t may alſo be und as in the former Propo- 

11. lition, | 


PROP. 


Eig. 35. 


Eg. 35. 


Ina ; Reflangled Triangle, the Baſe, and Cathetulſ : 


rhetus Radius, and then to find the Angle at th : 
Cathetus C, this i 15 the Analogy Or bt on, | 
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PROP. III. 


ö i 


given to find the other parts thereof. 


In the Triangle ABC the Baſe AB 18 75 
parts, and the Cathetus BC is 467 74 parts, ol | 


the Angle B between them is a Right Angle, uli. 


902; and here you may make. either ſide of thi 
Triangle, Radius: But I ſhall make BC the ||: 


As Log. Cathet. BC. 467 18 s parts, i 
To Radius or S. 90%. RR 
So Log. Baſe AB 736 parts W _ 
J T. FV. Cathet. C 5% 35, as required. [a 
Secondly, 1 find the other "Angle at A to 
-22*:25', A being the Complement, to C 57* 3o] : 
unto 90. 1 
Thirdly, To find out the Ehppot beni ſe al 
this is the Analogy or Proportion. | 


Ar SF. CuNE ( | 
Io Log. Baſe AB 736 par „ a1 
*$o Radius or S. 90?, 5 N 


To Log. e AC 871 18 parts, regui 
red: But making the Baſe AB Radius, yu 


may find the Hypot beni ſe AC wd this A 5 
or Proportion. 55 
As Radius or S. 909, | 
Jo Log. Baſe AB 736 pure; | Y 
So Sc. V. Baſe A.32* 25 8 | _ 
Io Log. Hypothenuſe A E 87178 parts req. 
red; and thus you. have all the PA. © of un 
e propounded. i 


wo 
: FER i 
U . 
S 62! 
} 
. f 2 
5 $5 
2 
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| V 
ue Baſe and Hypothenuſe , with the Angle be- 
een them given, to find the other parts of a 
8 Rett-angled Triangle. 


i In the Triangle ABC the Baſe 4 AB 18 756 of 
Warts, and the Hypothenuſe AC is 871 x3 parts, 
| nd the Angle A included between them is 22? 
. F7/?, To find the Angles : And firſt re- 
Member, that the Angle B is a right Angle, or 

| 4 o. Secondly, That the Angle at C is the 
onplement to the Angle at A 32 25 unto 90% Eg. 35. 
d therefore is 57 35“. Now theſe being 
Wnown, you may find the G atherus by this A- 
ey or Proportion. 

S. J. Cathet. C 57e 35˙ 

Jo Log. Baſe AB 736 parts, 

5 8. J. Baſe A 32 25 

Jo Log. Cathet. BC 467 13 parts required. 
us I have ſufficient ly L all the (aſes 
Plain Rectangled Triangles; for to theſe Rules 
| ey may be all reduced, 


SECT. 


* 
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| 58 E C T. III. 
03. O Obligue-Angled Plain 7. riangles. 
"Two Aneles, and a Side oppoſite, in an Obligue 


Angle Triangled given, to find the other pan 
thereof. _ Ly 


IN the Triangle ABC the Angle at A is 50. 
and at C is 37, and the ſide AB is 30 
parts, and oppoſite to the Angle C. =_ 
_ Frrſt, To find the Angle B, remember that 
(as tis ſaid, in the third Maxim aforegoing) 
'tis the Complement to the Angles A 50% and 
: 8 37 to 180%, and therefore is the Angle a 
Eg. 36. Secondly, Having thus found the Angles, th 
two unknown ſides may be found by the P 
8 they bear to their oppoſite Angles; 
or that Proportion holds alſo in theſe. Thu 
to find the ſide BC, this is the Analogy or P. 
portion. . = 
A1 8. F. G37 j, 

To Log. fide AB 30 parts; 
So S. J. A. 50% oo, RE 
4 1 Log. ſide BC 38 522 parts required to K 
OHNnd. - : | | | 
But it may be more readily found, and pe · 
. formed in ſuch Caſe as this, where you have: 

Sine or Tangent in the firſt place, by the Arith 
metical Complement therecd, and fo fave tht 
Swotralion. 


Nov 1 


Wind the Arithmetica! Comple- 
ient is that of Mr. Norwood, 
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- 8 dit ſt | | Fo 
Now the readielt way to > The Rule to Re he 


Complement Aritbmetical of 
any Logarithm Number, 


n his Docfrine of Triangles ; 


Irhich is thus: Begin with the firſt Figure to- 
Brards the left hand of any Number, and write 
own the Complement, or 


Ine Remainder thereof, ——— 9. 962398 
Into 9: And ſo do ———o. 037602 


ith all the reſt of the 
eures, as you ſee here done; ſaying 9, wants 
Bt 9, o: And again 9, wants o; 6, wants 3; 
wants 7; 3, wants 6; 9, wants o: Only 
hen you come to the laſt Figure to the right 
Wand, take it out of 10; ſo 8 wants 2 of Io. 


WE hus you may readily find the Co-Ar. of any 


Ve, almoſt as ſoon as the Sine it ſelf. 
hut if you want the Complement Arithmeti- 
of any Tangent, you may take the Co-tang. 
Which is exactly the Co-Arith. of the double 
adins; fo that the Tangent and Co-tangent of 
ch makes exactly 20. o. | 
Nou if the Radius be in the firſt place, then 
Pere is no need of taking the Co-Arith. of the 
Writ Number, only you muſt cut off the firſt 1, 
the left hand thus -, and you will have the 
ocarithm ot the Number deſiret. 
& Thirdly, Now to find the Side AC by the 
poſite Angle B, which is 930 oo: (And ſee- 
g the 1 B exceeds 90, you muſt work 
the Complement to 180®) as in the ſeventh 

Vork in page 61 is taught. 


As 
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45 . V. C. 39 00.0. 22054 ; 
To Log. cr. AB 30 parts ——- 1. 4771: 
Yo 75 Se. V. B. 87 00 .— — 9. 99945 £ 


Jo Lag. cr. AC 49 res parts———#1. 697% : 


0 
— 5 8 
> 
= 18 


Thus having found all the parts of the Th [ 


angle propounded, viz. The Angle B to be oF 


oo, the ſide AC to be 49 +33 parts, and N 
fide BC to be 38 188 parts, as was required i 
M_ CME 7.5; — 
Nor, Twill be doubt ful ſometime, wh 
ther the V ſought be acute or obtuſe; tho 
the Operation there will always come out . 
Sine of an acute Angle, as in the immedi 


preceding ( perat ion, the Lo ine that came ali 


was but 87 Deg. where the Angle C was really of 
Deg. Now when it happens that the Angle 


within a Degree or leſs of 90 Deg. the Eye cal 


not diſtingutſh whether tis more or leſs than 
right Angle: And thereiore, in ſuch Caſe, 
know which it is, take this general Rule. $M 
If the Square of the Side ſubtendin the doubijif 
An le exceed the Sum of the other two Square 
then tis obtuſe : If they be equal, tis ri ht; 
the Square of the ſaid Side be leſs than the S 
the Squares of the other two Sides, the An; 
# acute. © , | ( _— 


ROH 


Pla Trigonometry, 


PROP. II. 


725 / | des, and an Angle oppoſt te to one of thew: 
in an Obiique-angled Triangle given, to find the ; 
other parts thereof. 


l In the Triangle ABC the fi FR ABis 30 parts, 
nd the ſide AC is 49 88 parts, and the oppo- 
Ute Angle C, is 37 oof. 


ogy or Proportion. 
Ae Log. cr. AB 30 parts, 
X To S. J. at C 37® 905 
So Log. cr. AC 49138 parts; 
1c. / B 937 oo, a Was required to be 
ound. | 
= Now ſeeing that the Angle C is 30 oo, and 
he Angle B is 93 oo}, which makes 1 30® o0', 
WW hcrefore muſt the Angle A be 50 oo'; the 
BConplement to 180: So having found all the 


4 5 . Angles, you may find hs other ſide CB 
8s parts, as afore in the firſt Propoſition, 


3 55 tis oppoſite Angle. 


: P R O P. UI. | 
Woo Sides of an Oblique-angled Triangle, with the 


rn Angle included between them given, to find the 
ler parts thereof. 
ul 


In the Triangle ABC, the ſide AC is at 
Warts, the fide DB is 30 parts, and the Angle 
A between them is 50? Oo; and *tis required 
Ito find the other parts of the Triangle pro- 
O rounded. To reſolve * Concluſion, * Fed 

2 er- 


Firſt, To find the Angle at B, this is the 4- Fg. 36. 
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8 3. a Perpendicular DB, from the Angle B, on tie 
. fide AC; (by Prop. 3. & 1. Chap. 4.) and then 
proceed thus: CANS * 

Fig. 37. Firſt, Seeing the Oblique-angled Triangle AR 
is divided into two Refangled Triangles, vn. 

ADB and BDC. Now I will begin with the 
Triangle ADB, in which is given the Angle 4 

50? oo, and the Angle D is a right Angle, « 

90% and the fide AB 30 parts, and the ſida 

AD * DB, and the Angle at B, are 

* quired. JJ te. co 00s Cn 

l Firſt to find the Angle at B, remember that 

it is the Comp 


lement unto the Angle A 50 ol 
unto 90? oo”, and therefore muſt the Angle 

be 40 Oo: Now for to find the Cathetus B 
(as in Prop. 1. and 2. & 2. Chap. 5.) by the Ru 
« Oppoſition, the Analogy or Proportion hol 
thus: „ 7 Ly 35 

As Rad or S. 90Y, 

To Log. Hypoth. AB 30 parte; 

So S. N. at A 50 O ꝗ 

To Lag. Cath. BD 2278 parts ſought. 


And again ſay, 


As Radius or S. 90%, 

To Log. Hypoth. AB 30 parts ; 

4% od, . © 
Jo Log. Baſe AD 198 parts ſought. 
Thus in the Triangle ADB, you have found 
the Angle B to be 40 o, the Cat het BD to 
be 22788 parts; and the Baſe AD to be 191 
parts, as was required. _—_— 
Now for the other Triangle, which is BDO 
in which there is given the {ide BD, 22785 * ö 
and 
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* the Angle at D is a Right-angle, or 90? 8.3. 
Ind the ſides DC and CB, and the An les 3 
| 2 C, are required. 
Firſt to find the fide DC ſubſtract AD 19789 E g. 37. 
Warts, out of AC 49 188 parts; there remains 
ö e Baſe DC, 30+Y parts: Thus have you the 
; o hides ; of the Triangle, to wit, the Baſe DC, - 

parts, and the Cathetus BD 22788 parts, 
. d the Angle D between them is a Rig br gl 
| 90. Now you may find the Angle at B by 
Mc Tangent (as in Prop. 3. 8 2. Chap. 59 thug 
As Log. Cat h. BD 22434 parts, 
g 10 Radius or S. go*% 
5 Lag. Baſe CD zords parts, 
J T. J. B 39% 0. 
7 ll For the Angle 0. remember tis the 
Wrplement of the Angle B, 53 to 905 and 
Perefore is the An ngle C 37 OO, required. bs 
I Th:7dly, To find the e BC, this 1s the 
Valogy or Proportiot. 
4 8. V. B 53 oo, 
I Log. Baſe DC Zords z parts: ; 

= So Radius or S. 90%, 
| | To Log. Dp BC 38 78 parts: Thus have 
Wu found all the required parts of the Trian- 
E ABC propounded, vi. the Angle C to be 
a 0, tt die Þ vo he 


* * That is equal unto the two 
' 00), and the Side BO Argles B 400 and B 539 4s afore 


KH parts, as * ed to be in the former Propoſition, 


Andiber 


F * 


93. 


15 Sum. 


Fig. 37. 


they are found out and known. 


the required Angles. 


angle are required. 


Fg. 37. 


Sum. 


Side. 


and it ſhall produce 93 oO, which is the gra 
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Another way to perform the ſame. 

AB 30723 Take the Sum of th 

AC 49x33 two ſides, and the diff 

— 2 rence of the two 11des, 

79 58 and work as followeth, | 
— Now to find the ty 

Difference. 1988 Angles Band C, thiiffi 

18 — the Manner, and by ti 
Analogy or Proportin 


Side. 


As Log. Z. cr. AB and CA, 79758 parts, 
To Log. X. cr. AB and CA, 19788 parts; 
So T. r VV unknown, 65% oof, 
T T.3%o&#FF, eo 4 
This Difference of Angles 280 oo, add unto; 
o0', (half the difference of the unknown Angle 


er Angle, and ſubſtracted from it, leaves 
oo', which is the leſſer Angle C, ſo have jul 


oo OE 40... J 

The three ſides of an Oblique-angled Triangle 

ven, to find the Angles. : 

In the Triangle ABC, the ſide AC is 49 

parts, the ſide AB is 20 parts, and the fide 
1s 28188 parts; and the three Angles of the! 


The Reſolution oft, 
Concluſion 1s thus: tal 
the Summ and Difer. 
— the two ſides h al 
68783 BC; and then work 
— follows: To find av! 

08752 ment of the Baſe 4 

— to wit, CE; ſay, 


AB 20722 
BC 3888 


Side. 
Side. 


Diff. 
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As Log. Baſe AC 49 58 parts, 0 
1“ Z. cr. 05 and BC Va te J parts; * 
Fo X. cr'. AB and BC 8758 part, 
7 Log. of a Segment of the Baſe AC, to wit, 
WE 11733 parts. = 
This | Srement of the Baſe CE 11788 parts, be- 
g ſubſtracted from the whole Bye AC 49 88 
| Ne, the remain er is EA 38758 parts, in 75> 
Widdle of which as at D, the Perf nd cular DB Ep. 37. 
Will tall from the Angle B; and ſo divide it in- 
wo Refanvled Trian. les, to wit, ADB and 
g, whoſe Baſe DA is 19188 parts, which 
4 len rom AC 49-3 parts, leaves the Baſe of 
We greater Triangle CD 3 , parts. 
Now having the two 8057 0 theſe two Tri- 
lee, and their Hypothenaſes; to wit, CD 
P. parts, D \ 19-5 > parts, CB 38 2 parts, 
5 | dBA 30 parts, you may find all their An. 
1 8 by the Rule o N ſi des, to their An- 

es as afore. 


þ I. In the Triangle CDB. 
I To find the Angles, this 18 the Analary ot 


Fr oportion. 

4 Lo. BC 38 72 parts, 

J Radias or 8. 905 5 

80 Lo. DC 30 r“ parts, 

10S. J. B. 539 000% whoſe Complement is the 
gle at C 37? o unto 90: or a Quadrant. 


Il. Is the Triangle ADB. 


To find the Angles, this is the Analogy or Fig. 37. 
roportion. 
8 3 | | As 


- * - — — — 
— = - — * _ — — —— ——— —— — —— > 
- - = — —— — - — — — —— —— - 
— — — — _ — — , — > D _ 
— = — — 
— — — — * — a” 
— — —o—— bs ame a —_— 
— — ͤ — — — — — * — -- 


— 


— 0 


9323 ww - 
- = 


18 
Wl! 


Plam Trigonometry. 

As L. AB 30 parts, 

To png or 8. 9055 

So Lag. AD 19 parts 

J S. V. B 40 od 5 a 3 

The Complement. whereof, unto 905 oo, is 
Angle at A 50 OO. 5 
Dow in the firſt Triangle DB, there Ml 
found gs Angle C to be 37 00), and me Any 2 
In the {cond Tria ngle ADB, there 1 is foul 
the Angle A, to be 505 00; and the the Angle F 
to be 49% 00. $ 

Now the two Angles at B, to wit, 53* offi 
and 40 OO makes 93 000, which is the Au 
of the 0b/igue-angled Triangle ABC at B: Tal 
the three Angles of the ſaid given Triangle AAR 
are found. As was required, vig. the Angle 48 
be 50% oO, the Angle B to be 830 oo', andi 
Angle C to be 37 OO, as ſought. 2 
Thus I have ſufficiently, Ily and pla 1 
explained all the Caſes of Plain, Rig 2 IL 
angles, both Right and Obligut-ongled. I 1a 
now fall in hand with Spherical Triangles, ld 4 
; Kegbt and . 11 


Fpberical Trigonometry. 


8E T. Iv; 
Of Spherical Rectangled Triangles. 


and theſe fow genera! Maxims or Rules, that 
W ore of ſpecial Moment, in the Doctrine of Sphe- 
rical Triangles, = 


* 
2 


A ribed on the Surface of the Sphere or Globe. 
2. That thoſe Spber:ica/ Triangles conſiſt 
f fix diſtinct parts, vis. three Sides and three 


U angles, any of which being known, the other 


alſo found out and known. 
3. That the three Sides of a Spherical Trian— 
e, are Parts or Arches of three great Circles 


aud as plain or Right-lined Triangles are 
reaſured by a Meaſure, or Scale of equal parts: 
Wo theſe are meaſured by a Scale or Arch of 
qual Degrees. „%%% 
4. That a Great Circle is ſuch a Circle that 


equal parts; as the Equinoctial, the Ecliptick, 
he Meridians, the Horizon, &. 


Hpothenuſe, the other two 5 the Right- 


angle we may ſimply call the Sides, and for 


I Diſtinction either of them may be called the 


Baſe or Perpendicular. 


| 8 Inl here firſt it will be neceſſury alſo to under. 


] = a Spherical Triangle is comprehend 
; ed and formed by the Conjunction and 
Interſection of three Arches of a Circle, des 


f 2 Sphere, mutually interſecting each other: 


Hoch bifſe& the Sphere, dividing it into two 


5. That in a Right-angled Spherical Triangle, 
the Side ſubtend ing the Right-angle we call the 


. 6. That 


87 


84. 
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6. That the Summ of the Sides of a Sphericy 
_ Triangle are leſs than two Semcrrc'es or 360% 
7. That if two Sides of a Spherical Triangf 
be equal to a Semicircle; then the two Anga 
at the Baſe ſhall be equal to two Right - angles 
but if they be leſs, then the two Angles ſhall 
leſs ; but if greater, then {hall the two Angle 4 
be greater than a Semcircle. 2 
8. That the Summ of the Angles of a Sphere! 
cal Triangle is greater than two Right- angles, aui 
leſs than ſix. 5 1 
9. That every Spherical Triangle is either 

Night, or Oblique-angled Triangle. 
10. That the Sines of the Angles are in Prof 

portion unto the Sine of their oppoſite Side 
and the Sines of their oppoſite Sides are ufſ 
Proportion unto the Sizes of their oppoſiſ 
Angles. 2 FIG 4.:+. 0 wen 
II. That ina Right-angled Spherical Triami 
either of the Oblique- angles is 28 than t 
Complement of the other, but leſs than the Dif 
rence of the ſame Complement unto a Semicirck. 
12. That a Perpendicular is part of the Ar 
of a Great Circle, which being let fall from au 
Angle of a Spherical Triangle, cutteth the opp 
ſite Side of the Triangle at Right- angles, and i 
divideth the Triangle into two Right. angled In 
angles, and theſe two parts (either of the Sid 
or Angles) ſo divided muſt be ſometimes add 
together, and ſometimes ſubſtracted from ea 
other, according as the Perpendicular falls with 

in or without the Triangle. 


DO ˙ . 


- PROM 
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given, to find the other Side. 


In the Triangle ABC, there is given the Side 
AB 27 54 andthe Angle A 23 30', and the 
side BC is required; to find which this is the 


As the Radius or S. 900 O0, - 10. 00000 


6— 


So & TI. V. A 23, 30 —— 630 


To cr. BC 11, 30-————29. 30848 


the Equinoctial, AC part of the Ecliptick, and 
CB part of a Meridian paſſing through the Sun's 
place, then doth the preceding Caſe find (CB) 
which is the Sun's preſent Declination, by ha- 


i lion Siven. 


FJ 
2 of 
Ea 
Ta 
Nv 
4; 


PROP, II. Caſe 2. 


given, to find the other Oblique-angle. : 


this Aualogy or Proportion, 
OM 5 


To S. of cr. AB 27, gh —— 9. 67018 


= No TE, If in the right angled Spheric Triangle 
Figure 38 you allow the Baſe AB to be part of 


ring his greateſt Declination and right Aſcen- 


89 


94 


A Side and an Angle adjarent thereunto being 


WY Analogy or Proportion. 55 


Eg. 38. 


: A Side and an Angle adjacent thereunto being 


In the Triangle ABC, there is given the Side 
AB 2 54, and the Angle A 23 30“, and the 
Angle at C is required; to find which, ſay. by 


Eg. 38. 


As 


. 


4 5g ide and an Angle adj jacent thereunto tin | 


Angle C is required; to find Rn,  fay by tl 


bert cal T eue 0 


Ac the Radius or 8. 90? 09), 


To Sc. of cr, AB 27, 54. 
So 7s 8. V. at A 23, 30, 


FP Sc. V. at C 69, 22 required. 


This Propoſition finds the V of the Sun's Por. 1 
tion, that is the V the Meridian makes with | 
the Ecliptick, from the forementioned Data. 1 


P RO P. III. Caſe 3. 


Eiven, 10 find the Hypot benuſe. = 
13 the Triangle ABC, there is given the S 2 | 


Az 27 54“ and the Angle at A 23% 30% and 
the Hypothenuſe AC is required, which may be 3 
: tound by this Analogy or Propot Hon, 


As the Radiis or S. 90 oof, 

To Sc. of V. at A 23, 30; 

So 16 Ic. cr. AB 27, 54. | 

Jo Te. Hypotbenuſe AC 30, oo required. Y 

| /Nove, This Caſe finds the Sun's _ in a 
Bcliprick from the f ame Data. 


PR 0 P. IV. Caſe 4. 5 
A Side and an Angle oppoſite SEATED bein 
given, to find the other Oblique-angle. I 


In the Triangle ABC, there is given the gef g 
BOC 11 30, and the Angle A 232 300%, and the 


Analogy or Proportion, 
As Sc. cr. BC 11% 30% 
To Radius or S. 90, oo; 
So is Sc. V. at A 23, 30, 
To 8. V. at C G9, 22, 48 required. 


+ 
2 
* . N 
; , Vo 
; 
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This Caſe finds the Angle of the Sun's Poſt- 0 4. 
|; tion, by having the greateſt and EIT Decli- & 
nation given. 

PRO p. V. Caſe 5. 


A Side and the oppoſite Angle given, to find the 
Hypothenuſe. 


3) RT I a 
Y n . bis 2 5 } 7 . 


In the Triangle ABC, there 1s given the Side Fig. 38, 

; BC 11% 30“, and the Angle at A 23 30, and OE 
the i ypothenuſe e AC is required, which may . 
1 f by this Analogy or Proportion. 

A S. V. at A 23 30, 

Jo Radius or S. 90, 00; 

o is Ser. BC II. 320, 

= ToS, Hypothenuſe AC 30, oo, as el 
= This Caſe from the ſame things given, as in 
the laſt finds the Sun's 85 05 


a OP VI. Caſe 6 
4 ide and the ophoſite Angle enn! 10 find the 
5 © otber fide. 255 


I In the Triangle ABC, there is given the Side 
& BC 11” 30, and the Angle at A 23300, and 
N the fide AB is required; to find which, this is 
the Analogy or Proportion. 
As Radius or S. 90 od, 1 Hg. 38. 
* J Te. of V. at A 23, 30; 
So 1s T. cr. BC 11, 30, 
Jo S. of cr. AB 27, 54, as was KS 
| This Caſe from the laſt Data finds the Sun's 
nt Aſcenſſ on. a 


PROP. 


92 
54. 


In the Triangle ABC, there is-given the Hy z 


— 


Spherical Trigonometry. 


PROP. vn. caſes, fi 
The Hypothenuſe, and an Oblique-angle given, tf 
find the Side adjacent thereunto. | 


pothenuſe AC 30% oo, and the Angle A 23 2 


309 and the Side AB is required, which is found In 


Hg. 38. 


by this Aralogy or Proportion. 


As the Radius or S. 90 oo, 

To Sc. V. at A 23, 30 
So is T. Hypoth. AC 30, oo, Sol 
J T. cr. AB 27, 54, as was required. 5 
This Caſe ſuppoſes the Sun's place and great- 


_ eſt Declination given, to find his right Aſcen- s 


Eg. 38. 


lion, 5 5 8 

e VIII. Caſe 8. 4 
The Hypothenuſe, and an Obligus- angle given, io 
D r Stdpe: . - 8 


Ia the Triangle ABC, there is given the H. 
pothenuſe AC 302 oo, and the Angle at A 23* | 
30% and the Side BC is required, which is found 
by this Aalogy or P roportion. 2 
As the Radius or S. 90? oo), 
10 S. Hypoth. AC 30, oo; 
So 16 S. at A 23, 30, = 03 ol 
To the S. cr. BC 11, zo, which was required. 
Having the ſame things given as in the laſt, ÞÞ 


to find che Sun's preſent Declination. 


* 


PROP. 


Spherical Trigonometry. 93 
be Hypothenuſe, and an Oblique-angle given, to 

F a find the other Oblique- ang e. wo 
nn the Triangle ABC, there is given the Hy- 
EY pothenyſe AC 30 oO, and the Angle A 232 30, 
Ino tie Angle at C is required, which may be 
bound by this Analogy or Proportion. 

= As the Radius or S. 90% O0 

To Sc. Hypot h. AC 30, oo; 

So i T. of V. at A 23, 30, | 
To Tc. of V. at C 69, 22, as was required. 
From the laſt Data is found the Angle of the 
uns Poſition. BE, 


= PROP. X. Caſe 10: 
| f The Sides given, to find the Hypothenuſe. 


In the Triangle ABC, there is given the Side 
AB 27 54“, and the Side £C 11” 30', and the 
x Hypothenuſe C 1s required; to find which, lay 
by this 47a/ogy or Proportion. 1 
= As the Radius or S. 90 O00, er 0 
J S. c. EC 11, 0 N * 
So is Sc. cr. AB 27, 54, oa 
To Sc. Hypothenuſe AC 30, oo, required, 
Having the Sun's preſent Declination and 
right Aſcenſion given, by this Caſe you find 
he Sun's Place; and by the following Caſe, 
baving the ſame Data, is found the Sun's great- 
STRo_SsR. 0 ‚ R 


Eg. 38. 


PROP, 


94 Spherical Trigonometry. | 
94 A 9 
85 8 PROP. XI. Caſe 11. 

The Sides given, to find an Angle. 


In the Triangle ABC, there is given the Side 2 

AB 27 54/, and the Side BC 11* 30, and the 

Angle at A is required, which may be found by ip 

this Analogy or Proportion. n 

Fig. 38, As the Radius or 8. 90? oo, | 
PT. To S. cr. AB 27, 54; 
So is Tc, cr. BC 11, 30, 

To Tc. of V. at A 23, 30, As required, 


OE, P R O p. XII. Caſe 12. ; : 
The Hpothenuſe , and a Side given, to find rhe in 
TG other Side. | „ 


Hg. 38. In the Triangle ABC, there i is given the Hp . 
pothenuſe AC 302 oo, and the Side AB 27? 1 Z 
and the Side BC is required, which may be 

found by this Analogy or Proportion. E 

Ae Sc. cr. AB 27? 54, 

Jo Radius or S. 90, oo 

So is Sc. Hypothenuſe AC 30® « oo, : 

To Sc. cr. BC 11 30, as required, 

Having the Sun's Place, and right Aſcenſion 5 

2 * this Caſe you find the Sun S ; preſent 5 

ion. 5 


** f 

. N % ym 
1 * ; 

25 

be 

J 45 

N 

b 2 
. 

1 

- x 755 


— 


Spherical Trigonometry. 9 > 


i 6 
: PROP. XIII. Caſe 13. 8 
Ve Hypothenuſe, and a Side given, to find the 

4 contained Anale. 2 


| 73 othenuſe AC 30? oO, and the Side AB 27” 545 


And the Angle at A is required, which may be 4 


Pound by this Analogy or Proportion. 

= As the Radim or S. 90 oo, 

Jo T. cr. AB 27 54; 5 

BR Oo 15 At Hypoth. AC $0 00. -- 

Jo Sc. of J. at A 232? 30% as required. 
By this Caſe, from the laſt mentioned Data, 
pay the Sun's greateſt Declination be found. 


55 FX | 
RO XIV: Cle 14. 


| 4 he Hypothenuſe, and a Side given, to find the 
3 oppoſite Angle. Sx 


In the Triangle ABC, there is given the Hy- Fre. 28. 
Pothenuſe AC 300 oo, and the side AB 27? oy * 
now the Angle C is required, which may be 
found by this Analogy or Proportion. 
As the S. Hypoth. AC 30% OG., 
Jo Radius or S. 90? oO; OE 
650 36 S. of cr. AB 27 54, 
= ToS.of V. at C 69, 22, as required. 
his Caſe finds the Angle of the Sun's Poſi- 
tion, from the foregoing Data. 


PROP, 


: In the Triangle ABC, there is given the Hy Fig. 381 


—— —— ——fA—— — — — nes 


90 
94 


. 38. 


Eg. 38. 


. No Side BC 1s required, which may be four 
by this Analogy or Proportion. © b 


may find the —— Declination. 


The Obli que-angles Liven, to find the Horben : 


fou nd by this Analogy or Proportion, 


aft, finds the Sun 8 Place. 


will make the Calculations more pleaſant; 


Spherical Tregonometry. 
PROP. XV. Caſe we 
The Oblique-angles grven, to find either Side 


In the Triang le ABC, there is given the Ar 
gle A 232 30%, = the Angle at C69» 22, auf . 


3 


1 the S. of V. at C 69 22', 

To the Radius or S. 90 od'; 

So is the Sc. of V. at A 230 305 hs 

\ To the Sc. of cr. BC 11* 30', as required. ; 

Having the Sun's greateſt Declination, al 
Angle of his Poſition given, by this Caſe yu f 


P ROP. XVI. Caſe 15. 


In the Triangle ABC, there is given the Ar N 
gle A 23 30, the Angle C 69 22', and thi 
lypothenuſe A C is required, which may h 7 


As the Radius or S. 90? oo 


To Tc. of V. at C 699, 22“; 
So is Tc. of V. at A 23, 30, 

Jo Sc. Hypoth. AC 30, oo, as required. : 
"This Cafe, by the ſame things given as in tif 


Theſe Us Es at the end of each Propoſiti * 


when you come to 4 "a them to Aſtronomy, - 
will be much more ready at them, 


8xc1Þ 


q 
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_ ES 'L 


r . 
Of Oblique angled Spherical Triangles. 
| PROP. I. Caſe 1. 


; Two Sides, and an Angle oppoſite to one of them 
= groen, to find the other oppoſute Angle. © 


: b the Triangle ADE, there is given the Side Egg. 39. 
1 AE Jo oo, the Side ED 382? 30“, and the 
Angle A 300 28“: Now the Angle at D is re- 
auired, to find which, this is the Aualagy or 


5 Proportion. - 


47S. cr. DE 385 307 5 

10 S. Vat A 30 28; „Vote, That in theſe operatine, 
15 38 AF 7 for the more Facility of the Learner, I 
I = 92 75 d. cr. 70 O, omit Seconds, which doth bel ng un 
10 S. V. at D 130 03, the Angles, Cc. | - 


« 
+45 
* 
* . 
= 


To Angles and a Side oppoſite to one of them gi- 
ven, zo find the Side oppoſite to the other. 


| In the Triangle ADE, there is given the An- Eg. 3 9. 
ple at D 130 03“, the Angle E 31 34, and 
he Side AE 7o oo' : Now the Side AD is re- 
* {Wured, which may be found by this Analogy or 
WTTV 
1008 4s S. V. at D 130 03, 

a To S. cr. AE 70, oo; 
So 1s 8. V. at E31, 34, 
To 8, cr. AD 40, oo, required. 


1 PROP, 


98 5 Pe rical Trigonometry. 


95. 
PROP. III. Caſe 3. 


Two Sides and an Angle included between then 


being known, to find the other les. 


eth, ſaying, 
Side. AE 702 oo, 


© Side. AD 40 o 
Hum. 1 10 00) 3 Z. 55 00! 
D.. 30 00 2 X. 5 oo. 
Angle. A 30 28) iV. 15 14. 
As 8. 5 + © cr. AE EY” AD, 55* 00”, 

— To S. 4 K. cx. AE and AD, 15 00.3; 
28 ger tz 14, 
ſerre, thi To T. + X. . D and E. 49 14 30". 
if the Sum 


given, the Operation produceth the * of the Angles ne 
a Semicircle or 180 DESrech... 


AGAIN. 
As SC. = £. cr. AE and AD, 55* oo, 
To Sc. + X. cri. AE and AD, 155 = 7 


Fa Te. r 5 
10 T2 Z. VV.Dand E, 80 48˙ 300. 


Thus : 


Fig. 39. In the Tr jan'le ADE. there 1s given the Side 
AE 70? o, the Side AD 40 oo, and the An 
gle A 30? 28': Now the Angles D and E an 
required, whuch is thus found; take the Sum ant 
Difference of the two Sides, and work as tolloy- 


of the tw) contained Sides exceed a Semicircle, then ſubſtra# each Sid: ſv ; 
veralh from 180?, and proceed with thoſe Complements, as with the 1 Z 


Sera Trigonometry. 99 


nis Difference of the Angles unknown D and 95. 
WE 492 14' 30%, being added unto the half Sum 
} got the Angles 80 48' 30” , (unknown) produceth 
W the greater Angle D 130% 03, and ſubſtracted 
H Wfrom it, leaves the leſſer Angle E, to wit, 31* 


© 204 
We, * 
5 
67 8 
r 
x 
- > 
IRS 
N 

>= 
* 


PROP. IV. G a 


| Two Angles, and their ren Side being 
E known, to find the other Sides. 


mm the Trianzle ADE, there is given the An- 2 39. 
1 ele at A 30% 28, and the Angle at D 130 035 
Hand their Interjacent ide AD 48 o, and the 


Fs DE and EA are FORTS Which is thus | 
Found. 


gles exceed a Semicircle, or 
8 followeth, ſaying, 13080, ſubſtract them from a Se- 


F Complement 10 a  Semicircle, or 180 Degrees. 


Mg} þ A 30 28. 


3 


Sum. | | TY 31 ＋ Z. is. 805 15˙ 20", 
1 — "63 VVV; 
ey Df. 99 35> 4X. is 49 47 30. 


Side. AD 40 00 os 7 cr. Is 20 OO oo. 


45 8. 1 Z. of VV. A and D, 80e 15 30% 

108 ' X. of VV. A and D, 49 47 30; 
S&T. cr. AD, 75. 09.00 % RN 

1 T. Xcr. DE and EA, 15 45 O0. 
[ſh | H 2 AGAIN 


Take the Sum WW Differanee EDS” Ard here obſerve, That : 
F Pf the two Angles, and work be Sum of the bo given An- 


; circle, and proceed with the Reſidues, the Operation will produce each fig s 


Angle. D 130? 030 | e 3 | 


"IM, 


100 


Fg. 39. 


Spherical Trigonometry. 
AGAIN 59, 
As Sc. 1 Z. of VV. A and D, $09 15' 30” 
To Sc. 1 X. of VV. A and P, 49 47 303 


0 26 T. 2 cr. AD, | 20 oo oo, 
To T. à cr. Z. DE and AE. 54 15 O0. 


Add the half Difference of the Sides DE and 5 


AE 15° 45, unto half the Sum of the Sides 
DE and AE 54 15. It produceth the greata Wt. 
Side, the Side AE 702 oo”, but if deducted fron 

it, leaves the leſſer Side ED, which 1s 38* 30, 
a8 WAS required. x 


PROD. Y; Caſe 5; 


5 Teo Sides and an Angle oppoſi te to one of then 5 


given, to find the third Side. . 
In the Triangle ADE, there is given the 8 «| 


AE 70? 0o', the Side DE 38* 30), and the Ar 


gle A 30 287 the Side AD is required. . 
Firſt by Caſe I. Prop. I. I find the AngleatD . 


to be 3 03/, and then proceed thus: 


——ä——äꝓP — — — 


Firſt take the Sum and Difference of the two L 


Angles; then alſo find the Difference of the tio 
| Sides given, and then work as followeth. 2 


Angle D 1309 oz, 
Angle A, * on. 


— 
3 — 


Sum. 16 37 + Z. 800 15 30". 


Digger. 99 35 + N. 49 47 30. 


— —„ 


1 1 
? 3 
18 
$5, 
3 
5 
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Side. AE 70 oo. 5: RE © 
Side. ED 38 30. 


Dif. 31 3% X. 15 45" 


Now fay, 5 
4, S. X. VV. D and A, 49 45" 30 

10 8. z + Z.VV.Dand A, 80 15 305 
35 6 1. T Leer. AE and ED, 15 45 oo, 
J T. cr. AD. 209 oO oo”; which doubled 
vech the Side AD, 40 00 oo, as was requred. 


f PROP. VI. Caſe 6 
Y Two Angles and a Side oppoſite to one Ne, them 
5 giuen, 10 find the third Angle. 


He A 30® 287, 555 Angle D 130? 03', and his 
f el te Side AE 70? o, and 'tis required to 
ind the Angle at E. 

S Firſt by Prop . 2. Caſe 2. 1 find the Side DE, 

yppoſed to he Angle A, to be 38 30, then 

proceed thus: 

i Firſt find the Sum and Difference of the Side. 
When find the Difference of the Angles. 


| Side. DE 385 30, 
= Side, AE 70 OO. 


[ 43 108 39. 12 54 15˙ 
! bie. 31 300 EX. 15 45. 


n 


3 

2 

1 — 
8 ; 


=: aa 


In the Triangle ADE, there is given the An- Eg. 39, - 


102 ral Trigononetry. 


55. Angle D 130 03 
105 Angle A 30 28 


Differ. . . 2 mT 5 N. 495 47 300%, 


Now ſay, ” : 
As S. 4 X. cr. DE and AE 15 457, 
70 8. 4 Z. cri. EA and DE 54 15; 
So 35 1.2 ＋ X. VV. D and, A 49 47 40% 
To 163 Vat E 15 47 oO, which double 
giveth the Angle at E 31, 34, as required, 


* 7 = G 1 * 564 6 £ - - 3 4 6 4 s 4 4 - 7 — * 
2 5 GW a 3 e "ITY F ; 
keg. 180 7 3 F : 22700 II b5frs > 2 8 
1232 En FW Tn NR; 8 7 | b 4 SO 
A 33 5 ; 2 i 5 


P.KOP, VII. Caſe 3. 7 
Two. Sides and an Angle oppoſite to one of tb 
24 grven, to find the included ge. ; 


Hg. 39. In the Triangle A DE. there 1s given the S 
AE 7 o, the Side ED 38 30, and the aiſf 
gle oppoſi te thereunto at A 30% 28, and n N 

Angle E is required. $ 

Firſt by Prop. I. Ciſe 1. I find the Angle I 

. oppoſite to AE, to be 13c? 03% then proce | 

thus; 3 5 
Firſt find the Difference of the Angles, thalff 
i find the Sum and D ference of the Sides, = 


Angle D 120% 02', 
Angle A 30 28. 


Ber, . 8Þ X. 49* 4% 30”, 


[4 ; 
ö | 
— — 
1 - — 
' | 


1 5 
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$56; ab 70®. oO * 9. 
Side. ED 38 39. | RO EE Wah 


1 
4 
Y 
1 
55 
Y 
2 
2 


Sum. 180 33 T Z. 54 15% 


— 


Hite MEI CATS. X. 15 45. 


. —.— 


Now foy, 

As S. E X. cr'. AE ad ED 15* 457 

To 8. 2 Z. cr. E and ED 51 13; 1 
So is T. æ X. of TV. D and A 49 47 30“, Ex. 39. 
To Te. EV. at- E 15. 47: Which doubled is 
the Angle at E 3 34 as was required. 


4 cont 2 
. k " rr * n 
* W * 1 R ES, We” A TO p 
GGG P RE > At EO we S x 4 
25 es : CR ar 33 


P R. 0 p. VIII. Caſe 8. 


f Two Angles and a Side oppoſite to one of them be- 
ing known, t0 find the Inter Nackt Side. 


In the Triangle ADE, there 1s given the An- 
e E 31 34, the Angle D 130% 03, and his 
Popolite Side AE 70? 09"; Now the Side ED is 
quired, 
Firſt by Prop. 2. 0 ie 2. I find AD oppoſed 
o E, to be 405 oo, and then work thus. 
Take the Sum and Difference of the Angles, 
then alſo find the Difference of the two Sides. 


Angle D 130 03 | e 
W E 31 34: Eig. 39. 


Pn 161 37 2. 80˙O48/ 300. 


Pr, | 98 29\ + X. 49" 14 30”, 


H 4 Bs Side 


104 Spherical Trigonometry. 
„ Side AD go* 00+ 
Side AE 70 oo 


Differ. 30 00 1X, 15* O0. 


mow By. s 5 

As S. + X. IV. D and E 49 14 30“, 

To S. + Z. VV. D and E 80 48 30; 

So 1s T E X. cr. AD and AE x5 oo oo”, 
Jo T. E cr'. ED 199 15 oo“, which being 
doubled, is the Side ED 38 300, as required. 


PP 
Two Sides and their included Angle being Knoun, 
to find the third Side. 


Eg. 40. In the Triangle APZ, there is given the Side 
2 382 30', the Side PA Jo, and the Angle}, 
let be 31 34, and the Side AZ is required. 
The Reſolution of this Caſe depends on the 
Catholick Propoſition of the Lord of Marchiſtan 
by ſuppoſing the 0b1:9ze-Ir1angle to be divided 
(by a ſuppoſed Perpendicular falling either 
within or without the Liiangle) into two Rel. 
eh; ij 
Now in the Triangle AZP, let fall the Per: 
pendicular ZR; fo is the Triangle AZP divided 
into two Refangulars ARZ and ZRP. Now 
the Side AZ may be found at two Operations 
thus: Say, Ne od or 


As the Radius or S. of p90 oo, 
To Sc. the included /, P. 31 343 
So 1s T. gf the leſſer Side PZ. 38 3o, 
Jo Trof a fourth Arch, 34 08. 


—M 
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If the contained Angle be leſs than 90% take 6 5. 
his fourth Arch from the greater Side; but if it 


Ie greater than 902, from its Complement unto 
18000, the Remainder 3 is the Refi dual Arch: Now 


gain ſay, 
As Sc. of the fourth Arch, 24% os, 
Jo Sc. Reſidual Arch, 8 | 


So Sc. of the leſſer Side PZ, 38 30, 
Io Sc. AZ the Side required, 40 00. 


0 > But note, that many times the Perpen- Fe. 41. : 
Hicular will fall without the Triangle, as it doth _ 
Bow within; in ſuch caſe the Sides of the Tri- 
Angle muſt be continued, ſo will there be two 
Fecfangulars, the one inchided within the other: 
Is in the Triangle HI K, the Perpendicular 
Het fall is KM, fallin on the Side HE, and ſo 
be two Re@angulars ound thereby will be IM 
e F and KMH, and fo by the Directions in the 

5 ormer Propoſition find out 
1 he Side IK, if required to be Note, That if the 11. 


LO 


75 ound. | os at the Baſe be both of one 
r Lind, that then tbe Perpendi- 
＋ 4 Filer faut with the Triangle: If of divers Ende, without the 88 
. c p R O P. X. Caſe 10. 

1 .o Angles and their Interjacent Side known, to 
1 5 find the third Angle. 


In the Triangle AZP, there is given the Side Fi 40. 
2 380 300, the Angle 'P 31 347, and the An- 
ple Z 1300 03/, and the Angle at A is required. 
HFirſt the Oblique-T1 iangle AZP, being redu- 
L ted into two Reclengulars ARZ, and ZRP, by 

1 Caſe 7 


1 7 
FT 0 

* 
n 
* : 
85 

8 
þ > 
4 
* 
3, 

% 
1 

* 


106 
d 5: 


Spher: cal Ir:gonometry. 


292 9. aforegoing, I find the Angle RZP, to he 
64 19% (in the Triangle ZRP. ) which taken 
out of Angle AZP 130003“, leaves the Angel 


AZR 65? 44“: Now the Angle A is ound by 


this Analogy or Proportion. | 


Fig. 40. 


to be tound out and known. 


As 8. J. PZR 64* 19, 

Jo S. J. AZR 65 oy” 
So is Sc. Vat P 31 4 
To Sc. J. at A 30 iy Which v. was chin : 


P R O P. XI. Caſe 11. 


Three Sides given, to find an gle. 


In the Tri jangle APE, the Side AZ is 400 00, ' 
the Side ZP is 38 30 the Side AP is 70 0 


and the Angle Z 1s required. To find whit 1 


do thus. . 
Add the three Sides eber, and from hal 


their Sum, deduct the Side oppoſite to the n 


quired Angle; and then proceed as yo ſee u 
the Operation * 5 


1 
* + 
5 ON 
FS 
. 
U THE 
*. 
1 18 
Wn: N 
* 
PX 
4 
Foe 
4 
3 


Spherical — 1 07 


| 11”, the Angle Z 1305 03' 12”, the Angle P 
$ 2s 31* 34' 26”, and the Side AZ, oppoſite to P, 
is required. 


Side AP 7 oO e Ce -Ariib. 93. 
Side AZ 40 00 ——————o, 191933 
Side Gd 38 e — , 


dun 5 *Y 2. N ines. 


5 — * 


| Sn 74 1 15- —, 7833860 


Side AP 1? oo 


1 ——— 


I Rem. 04 175 —— —8, 869868 


Sum is — PEA: _ — 19, 251% 31 Fig 4 40. : 


—— 


11 655 07 30! the Sc. .at z, 9625515 
kwhich doubled is 130% 03' 12”; the 


Angle at Z required. 
This 11th Propoſition or OY is of great Uſe. 


UE wb 


| in Aſtronomy, N. avIgation, and Dyalling. 


For in Aſtronomy tis by this Propoſition we 


ind the time of Twilight's Beginning and End. 

In Navigation it finds the Sun's Azimuth, in 
3 order to find the Variation of the Needle; and 
in Dyalling it gets the Azimuth, by help of 
1 3 we fuid the Declination of any Wall of 


PR 0 P. XII. Caſe 15. 
Three Angles given, to find a Side. 


In the Triangle AZP, the Sho A is 269 28 Fre. 4 


This 


65. 


Fig. 40. 
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Side AZ, — 
vhich being doubled, gives the Side AZ 40 00, 
required to be found out and known. | 
the Operation would produce the Complement 4 


ſubſtract it from 1809, it leaves the remaining 


annexed many Varieties unto each Caſe, and 


| thoſe Caſes and Proportions ; but becauſe of 


Spherical Trigonometry. 

This Caſe is likewiſe performed as the forme Nhe 
Caſe or Propoſition, the Angles being converted Ino 
into Sides, and the Sides into Angles, by taking Wit 
the Complement of the greateſt Angle unto 180; {hit 


See the Work. lift 


Angle E 31 34 26 Co- Arith. 


Angle A 30 28 1 —— o, 294929 
Conpl. V. Z 49 56 49 — 0, 11600 
Sum is 111 59 26 Sines 


dum is 55 59 439, 91854 
Angle P 31 34 26 


Difer. 24 25 7, 6 


Sum total ——.—.—19, 94599 
The < Sum z5 Sc. of oo OO half the- g : — 


-9, 97298; i 


But if the greater Side AP wererequired, 4 
thereof unto a Semicircle or 1800; therefor: 
required Side ſought. SH = 

Thus have I laid down all the Caſes of Tr: 
angles, both Right-lined and Spherical; either 
Right, or Oblique-angled ; T might hereunto have 


ſome fundamental Axioms, which ſomewhat 
more would have illuſtrated and demonſtrated 1 


the 
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\e Smallneſs of this Treatiſe, which is intended 8 5. 
ore for Praclice than Theory, I have for Bre- 
ity ſake omitted them, and refer you for thoſfſe 
Inings to larger Authors, who have largely 
liſcourſed thereon to good purpoſe. CER. 


. > WY fo =3 


CHAP, VI 
Of ASTRONOM. 


hefin. A STRONOMY an Art Mathema- 
| LA tical, which meaſureth the diſtin& 
Courſe of Times, Days, Nears, &c. It ſheweth 
e Diſtance, Magnitude, Natural Motions, Ap- 
Parances and Paſſions, proper unto the Planets 
Id fixed Stars, for any time paſt, preſent and to 
Wore. By this we are certified of the Diſtance of 
We ſtarry Sky, and of each Planet, from the Cen- 
&r of the Earth, and the Magnitude of any fixed 
rar or Planet, in reſpect of the Earth's Magni- 
ede; what is the Cauſe of Eclipſes, and the Me- 


, Pod of finding the Quantity of the Digits eclipſed. - 

Ne : 1 3 3 . = a 

# S'E C'F. I. 
= Of Aſtronomical Definitioms, 51. 
a fer. A Sphere or Globe is a ſolid Body, 

at 41 contained under one Swperficres, 

ed In whoſe middle there is a Point (called the 


enter, (from which all right or ſtreight Lines 


7 
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— — 
— = — 
— — 
2 — 


Fe. 43. 


Eg. 43. 


Eg. 43. 


Eig. 43. 


Fe. 43. 


and Libra, and maketh 
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drawn unto the Cycumference or Superficies, an 
Equal. 
5 The Poles of the World are two fire 
Points in tlie Heavens Diametrically oppoſite th 
one to the other; the one called the Ariicꝶ q 
North-Pole, noted in the Scheme by P. The 
other is called the Antartick or South. Pole; a 
S. and is not to be ſeen of us, being in th 
lower Hemiſpbere. = od 

3. The Ass of the World is an imaginary 


Line drawn from the North-Pole, through th 
Center of the Earth, unto the South-Pole, about 
which the Diurnal Motion: is performed, from 


the Eaſt to the Weſt ; as the Line PS. 
4. The Meridians are great Circles, concur: 


ring and interſecting one another in the Pal 
of the World; as PES and Pc. S. 1 


5. The Equinocfial or Equator 18 à great Cit 


dle, 90 Deg. diſtant from the Poles of th 


World, cutting the Meridians at Right-angles 
and divideth the World into two Equal Part 
called the Northern and Southern Hemiſphere, 
as E = Q. in Scheme 42. 


6. The Ecliprick is a great Circle croſſing tif 


Equinodtial, in the two 2 Points Aft 


(called, its 0b/7quity.) of 23 307, repreſentel 
by S V. This Circle is Ad into 1! 


Sines, each containing 30% oo“: As Aries I 


n Angle therewiti| 


Taurus &, Gemini U, Cancer S, Leo N, Vil: 


M, (which are called Northern Sines) Lin 
, Scorpio m, Sagittarius , C(apricornis , 
Aquarius , and Piſces c; theſe are calle 


% 


Southern Sinc c. 


5. Ti 


7 The Zodiack is a Zone or Girdle, having y I. 

Deg. of Latitude on either ſide the Relpct 
at is, the Eclipticꝶ is guſt in the middle of the 
liack, in which ſpace the Planets make their 
Revolution. This Grele is a Circle which re- Fg. 43. 


i gulates the arg, Months, and 5 
ag oy ch 15 by reef cal- 
h Snſons, * and is diſtinguiſhed 1:2 RD IT brine Liſe 


in the Scheme by the 12 Sines. becauſe the Life of all Creatures 


ward. us brings the Generation of things, and in deſcending the Cor 
100% of all things ſenſible, and inſenſible, which are below the C oncavity 
the Moon, Kc. 


8. The Colures are two Mer idians, dividing 
he Ec/iptick and the Equinoclial into tour equal 
arts; one of which paſſeth by the Equinoclial 
points Aries and Libra, and is called the Equi Hg. 43. 
witial Colure, as P = 8. The other by the be- 
inning of Cancer and Capricorn, and 1s called 
Ihe Solſtitial Colure, as P BS J. 
9. The Poles of the Ecliptick are two Points, 
35 300 diſtant from the Poles of the World, as 
10. T he Tropichs are two 7 nal] Grretes Pa- 
ale! unto the Equinothal, and diſtant there- 
om 23? 30“, limiting the Sun's greateſt Decli- 
ation. The Northern Tropick paſſeth by the 
Peginning of Cancer, and is therefore called 
Be Tropick of Cancer, as Sa D. The Southern Fig. 43. 
Lropick paſſeth by the beginning of Capricorn, 
nd i . therefore called the W of Capricorn 
8 \. ne 
11. The Polar C Male are two ſm all Circles 
$-ralle] to the Equinoctial, and diſtant there- 
From. 66? 30 ; and from the Poles of the World 
2 
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lepend on the Carſe of that Circle ; for the Sun ajcerding in it, and moving. 


Oy 


112 
F. 1. 


Fig. 43. 


our Heads, as Z. The Nadir is oppoſite then 
to, as the Point N. 


great Circles of the Sphere, concurring and i 


Eg. 43. 


in reſpect of the Sun or Stars in the Heaven 


as Zf N. 
| Eg. 43+ 
the Azimuths at Right-angles, and dividing th 

World into two equal parts, the upper a 


tude, are ſmall Circles parallel unto the Ho 
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23 3o'. That which is adjacent unto þ 
North-Pole, is called the Artick Circle, as Gd 
and the other the Antartick Circle, as K d M. 
12. The Zenith and the Nadir are two Poing 
Dzametrically oppoſite the one to the other: I 
Zenith is the Vertical Point, or the Point om 


13. The Azimuths or Vertical Circles u 
terſecting each other in the Zenith and Nady: 


14. The Horizon is a great Circle, 90 Ds 
diſtant from the Zenith and Nadir; cutting i 


viſible Hemiſphere, and the lower and zvijij 
Hemiſpbere, repreſented by Ha R. 
15. The Meridian of a Place is that Meridu 
which paſſeth by the Zenith and Nadir of th 
Place, as PZ SN. „„ 

16. The Almicanthars, or Parallels of Alts 


Zon, 1magined to paſs through every Degre 
and Minute of the Meridian, between the Zen 
and Horizon BaF. Sr 

17. Parallels of Latitude, or Dealination, at 
{mall Circles parallel unto the Equinoctial; thy. 
are called Parallels of Latitude, in reſpect to an 
place on the Earth, and Parallels of Declinatin 


Hence the Declination of the Sun, Moon, d 
Stars, is no more than their Diſtance from tit 
Equator. . 6 


18. The 


kJ 7 K - * * 
> 
1 


18. The Latitude of a Place is the Height of 
the Pole above the Horizon, or the Diſtance be- 
tween the Zenith and the Equinoclial; or tis 
he Diſtance of a Place from the Equator. 
19. The Latitude of a Star is the Arch of a 
ircle, contained betwixt the Center of a Star, 
and the Ecliptick Line: This Circle makin 
Vaht-anglec, with the Ecliprick, is e 
either Nort hard or Southward, according to 
he Situation of the Sar. : F. 
20. Longitude on Earth is meaſured by an 
bh of the Equinoclial, contained between the 
Primary Meridian, (or Meridias of that place, 
here Longitude is aſſigned to begin) and the 
leridian of any other place, counted always 
1 n 


Ihe Ecliptick, which is contained between the 


pf Aries, counting them according unto the Suc- 
eſſion of Sens. 5 


Irch of an Azimuth, contained betwixt the 
enter of the Sun, or Star, and the Horiæon. 
23. Aſcenſion is the riſing of any Star, or 
art of the Equinoctial, to any Degree above the 
Horizon; and Deſcenſion is the ſetting of it. 
24. Right Aſcenſion is the Number of Degrees 
and Minutes of the Equinoctial; (i. e. from the 
beginning of Aries) which cometh unto the Me- 


jon of the Ecliptich. 8 


noctial, between the beginning of Aries and 


21. The Longitude of a Star 1s that part of 


22. The Altitude of the Sun or Stars is the 


that part of the Egquinoctial, which rifeth with 
| 985 „ the 
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91. 


Stars place in the Eclipticꝶ and the beginning 


idian, with the Sun or Stars, or with any Por- 


25. Oblique-Aſcenſion is an Arch of the Equi- 


. Fg. 42. 


the Center of a Star; or with any Portion of 
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the Ecliptick in an Oblique Sphere: And Obligu WM 


Deſcenſion is that part of the Equinoclial, that 


ſetteth therewith. = 
26. The Aſcenſional Difference is an Arche 
the Equinoclial, being the Difference betwin 
the Right and Oblique-Aſcenſion. = 
27. The Amplitude of the Sun or Stars is the 


Diſtance of the riſing or fetting thereof, fron 


the Eaſt or Veſt Point of the Hor12o07. j 

28. The Parallax is the Difference betwenMf 
the true and apparent Place of the Sum or Str, 
ſo the true Place in reſpect of Altitude, is nM 


the Line ACE, or ADG, the Sun or Star being 3 


at Cor D, and the apparent Place in the Lin 
BCF and BDH ; ſo likewiſe the Angles of th 


| Parallax are ACB or ECF, and ADB or GDE: 


Alſo in the ſaid Scheme ABK repreſenteth 2 
Quadrant (of the Globe or Earth) on the Ear tibi 
Superficies : A the Center of the Earth, and 3 
any Point of the Earth's Surface. 
29. The Refraclion of a Star is cauſed by the 
Atmoſphere, or Vaporous Thickneſs of the 4r 


near the Earth's Super ſicics, whereby the Sur 
and Stars ſeem always to riſe ſooner, and ſe 


later than really they do; that is, they appear 
pm the Horizon when really they are ut 
er it. F PERL ot 


sk 


— ———— — — „ nn . — 
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8 nan 
of Aﬀronnical rhein. ge, 


PROP. I. 


Ve Diſtance of the Sun from 155 next E auinoffia 
Points (either Aries or Libra) bring known, to 
and bis Declination. 


HE Analogy or Proportion. 
3 Radius or S. 905, 
S. of the Sun's Ala from the next qi 

22 Point ; 

So 18 8. 4 the Sun's greateſt Declination, 

I the S. of the Sun 0 * Declmation 
Woyht, ES 
-P R OP. II. 


The 45 Place given, 70 find bis Right: 
4 Aſcenſion: 


This is the Analogy or Proportion. 
As Radius or S. 90 

To J. of the Su g Longitude from zbe next 
Equinoctial Point; . 
So ic the Sc. of bis rente Be AP 

To I. of bis Right-Aſcenſcon ny the next 
Equinoltial FO. 


I 2 PROP; 
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N | d | | 
PR O b. III. 


To find the Sun's Place or Longitude from Aries, 
his Declination being given. 


This 1s the Analogy or Proportion. 


As S. of the Sun's greateft Declination, 
To Radius or S. 90? o0'; 


9 
So is S. of His e Declination, 
Vile Son's Declination þ S. of the Same Place ar 
the Ly CIINATION be. X. 
- Noreh anfiuriafts. thts Fro-. Les from Aries 
portion finds the Sun's Diſtance 


from V; but if decreaſing from = in the enen Sines. But if th 


Sun's Ceclination be South, and increaſt ing from ; if decreafl ing fron 
* among the Southern Sines. = | | 


PROD. IV. 
By knowing the Sun's Declination, to find his 
Right Aſcenſion. . 


This IS the Analogy or Propor: tion. 

As Radius or S. 90%, 
1 Tc. of the Sun's greateſt Deelination 3 
So is T. of the Declination given. 


f From the next EquinoRtial - Ip S of = 8 righ C 
Point, either V or . | cenſu on rogues f. 


p RO p. v. 


By knowing the Latitude of a Place, and the Sun 
Declination, to find the Aſcenſi onal Difference 


This is the Analogy or Proportion. 
4 Reine or $. 90% 


— 


1. 
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To Tc. of the Latitude given; EO 
So 7s T. of the Sun's Declination groen, 


W cuired. 


will ſnew you how much the Sun riſeth or ſetteth 
Whcfore, or after fix a Clock, in that Latitude, 


; g and the Sun's Oblique Aſcenſion or De ſcenſion. 
1 e ny + 


W Firſt find the Aſcenſional Difference by the 
th Propoſition, and his Right Aſcenſion by the 


Whcrly, deduct the Aſcenſional Difference out of 


tor the fix Northern Signs Y 8 UE S Q ) it 


af ; Iſcenſional Difference, added to the Right AJ: 


enſion, (for the ſix Southern Signs = M4 vw 
WH *) giveth the Right Aſcenſion, and ſuſtract- 
a therefrom, leaves the Oblique Deſcenſion. + 
* 
b. 


PROP. vn. 


tude of a Place, to find the Sun's Amplitude. 


| This is the Analogy or Proportion. 
4 Sc. of the Latitude, 


1 3 'To 


Jo the S. of the Aſcenſional Difference re- 


e NorTe, That if you reduce the Degrees, 
c. of the Aſcenſional Difference into Hours, it 


Furth: Now if the San' s Declinution be Nor- 
Dis Right Aſcenſion, from the beginning of Y, 


Waves the Oblique Aſcenſion, and added unto 


By knowing the Sun's Declination, and the Lati- 
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WW eſt Points of the Horizon. 


Summ of Difference of the Sus Amplitude and 
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To the Radius or 8. 902 , 
So is the S. of the Suits Declination, | 
To the S. of the Amplitude from the Eaſt or 


This Propoſition is of great Uſe at Sea, nM 
finding the Variation of the Needle : For the 


Magnetick Amplitude, according as it is, is th F 
Vanation of the Needle. 


PROP. VII. 
By knowing the Sun's Declination and Amplituk 


from the North part of the Horizon, z0 fu 
the Latitude. 


This is the Analogy or Proportion. 


As Sc. of the Amplitude from the North, 
Jo Radius or S. 90 Oo 


So is S. of his Declination given, 
| 1 Sc, of the required Latitude. 


Ts 7: 3 2 ; 
H knowing the Latitude of a Place, and the Sui 7 
Declination, to find at what time the Sim al 
be on the true Eaſt or Weſt Points. 


The Analogy or Proportion is, 
As T. of the given Latitude, 


To T. of the Sum's Declination propoundel 
So is Radius or S. 999 oof, 


To Sc. of the H our from Noon. 


PRO! 
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7 | d 2. 
FRUPT 3 = 
1 B knowing the Sun's Declination, and Latitude 
al a Place, to find his Altitude at fix a Clock. 


W This is the A7a/ogy or Proper tion. 

18 1s Radrzs or S. 90? 00), 

17 S. of the Su7's Declination; 
50 78 S. of the Latitude of the Place, 

To S. of the $u7's Alnude at ſix a Clock. 


e — 
V 4nowing the - Lind of a Place, and the Sun's 
; Dectinarion, to you the Azimuth at ſix. 


This 1s the Analogy or Proportion. 
As Radius or S. 90 00, 

To the T. of the Suns Declination ; : 
So is Sc. of the Latitude of the Place, 
To the T. of the Azmuth ſought. 


PROP. XII. 


1 ; By | 0 knowing the Latitude of a Place, and the Suns 
11 b Declination, to. find the Sun's Altitude when he | 
on the true Eaſt or Weſt Points. 


* 18 the Analogy or Proportion. 
S. of the Latitude, 
1 the Radius or S. 90 oo 
* So is the S. of the Declination, 


J the 8. of the Sun's e * due 2 
or It ft. | 


" SB. 14 PROP 
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d 2, 
pres PR OP. XN. 


To fd the Sun's Auitude at any time of the Dy, 


The Analogy or P, 'oportion 15, 

As Radius or S. 90? co), 

To Tc. of the Poles Height; 

Fo is S. of the Sur's Diſtance, 
From the Hour of Six 

To the T. of an Arch: Which being ſubſiraa 
ed from the Sam's Diſtance from the Pole, ſay, 

As Sc. of the Arch found, 


To Sc. of the remaining Arch of the Sun 108 


ſtance from the Pole; 
So 15 S. of the Pole's Height, 


required. 
PRO P. XIV. 


To 1he S. of the Sun s s Altirude at the Hol 7 


By knowing the Latitude of a Place, ' with th £4 


Sun's Declination, and A; 7 o find if 


Hour of the Day. 


To ſolve this Concluſion do thi: Get " 4 


"hs of the Complements of the Latitude, Dei 


nation and Altitude given 71 


+ As in Caſe 11 of Oblique Then find the Difference be N 
twixt their half Sum, aul 


Spherical Triangles. 


the C omplement of the Altitude then lay, 

As Radius or S. 90% 0d), 

To Sc. of the Sun's Altitude 1 ; 

So is Sc. of the Latitude of the Place, 
Jo a fourth Sine: Then again ſt ay, 
As the fourthS. 

To; the d. of  Z. of | the Lit. Declin, and 4h. 


9 
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SY is the S. of X. of the Altitude to the Z, 2. 


7 


To a fifth of S.unto which Sine, if you add the 


dis or 90? oo, half that Sum ſhall be the 
ie of an Arch, whoſe double Complement is 


4 
8 
» 


the Hour from the Meridian. FO 


This is a very uſeful Propoſition (tho' one of 


the moſt troubleſome to calculate it being done 
Wy the 11th Caſe of Oblique Spheric Triangles:) 
For by it you find the Hour of the Day, ha- 
ring the Sun's Altitude given; and conſequent- 
Wy may know how to ſet any Clock or Watch, 
Wor Sun-Dyal, if the Sun ſhines. Rh 


The Sun's Altitude, if he ſhines, is gotten 
Whus: Set a ſtrait Pin or Wyer exactly perpen- 
W'icular on a true Horizontal Plain; then mea- 
ure the Length of the Wyer, and the Length of 


he Shade of ſuch Wyer, and ſay, 


As the Length of the Shade to the Length of 
eher, ſo is Radius to the Tangent of the An- 


We: of the Sun's Height. 


W Alſo by having the ſame things, v:z. Lati- 
ade, Declination, and Sun's Altitude given, tis 


ay to find the Sun's Azimuth from the North, 


nd by Conſequence from the South; which ha- 


ing gotten, is of great uſe in finding the Va- 


ation of the Needle. © 
This Azimuth is alſo always to be found, in 
rder to find the Declination of any Wall or 
Plain on which any Dyal is to be delineated. 


\ 


To find the Time of the Sun's Riſing or Setting : 


: To reſolve this Conc/uſion, firſt by Prop. the x 
F. find the Aſcenſrona! Difference, which red 


Dag. leſs than 15?, 4 of Time, and for evey 
15 Min. one Minute of Time. 


ly, the Aſcenſional Difference added unto { 
Hours, gives the Time of Sun. ſetting, and ſub 


3/172 : On the contrary, if the Ss Declinui. 
and deduced therefrom the Time of Sn bo 
fetting. 8 . =_ 


Rina, it gives you the Length of the Night; 
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PROP. XV. 


and conſequently the Length of the Day off 
Night. | e 


ced into Howrs and Minutes of Time, by allo. 
ing for every 15 Dep. one Hour, and for even 


Secondly, If the Sun's Declination be Northe: 


6 


ſtracted therefrom, leaves the Time of Sur 


en be Southerly, the Aſcenſional Difference add 
unto 6 Hours, gives the Time of Sn-R1/in, 


Thirdly, If you double the Time of Sie 


and the Time of Suns etl ing, the Length of th : 


PROP. XVI. 


The Sun's Declination, Altitude and Hain 3 
known, to find the Hour of the Day. : 


The Analogy or Proportion is, 
As the Sc. of the Sun's Declination, 
To the S. of the Azimuth; 
So is the Sc. of the Altitude, 


nth 
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To the S. of the Hour from Noon : Which & * 


onverted into Time, will thew the Hour of 


Day. 


p RO P. XVII 


YL̊Kiuorcing the Sun's Declination, Altitude, and. 


Hour from Noon, to find the Azimuth. 


The Analrgy or Proportion i 18, 

As Sc. of the Sun's Altitude, 

To S. of the Hour from Noor; , 
$9 75 Sc. of the Sun's Declination, | 
To the S. of the Azimuth required, 


PROP. XVIII. 


* knowing the Latitude of a Place, the Altitude 


of the San, and the Hour from N oon, to find 
the Anale of the San s Poſition. 


This is the Analogy or Proportion. 

As Sc. of the Sun's Altitude, 

To S. of the Hour from Noon 

Fo is Sc. of the Latitude, 

To 8. of the V. of the S 5 Peſctio, tion, at the 
E time of the Weſton, 


PROP, XIX. 
By knowing the Sun's Altitude, Declination, and 
Azimuth, 70 find the Latitude. 


| The Analogy or Pr oportion 18, 

As S. of the Sun's Azimuth, _ 

To S. of his Diftance from the North: Pole; 

So zs S. of V. of the Sun's Poſition, | 
Jo Sc. of the Latitude required, PROP. 


— — 
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d 2. 


PR O P. XX. 
J find the Length of the Oe or 


The O 2 ſculum or Twilight, is nothing ell; 
but the Refraction of the Sun's Beams in th 
Denſity of the Air: Which the Learned Pe, 
Nennius found the Length of the Crepuſculun 
(by his many ſtrict Obſerva 


* Watched the Time after Sun- 
ſetting, when the Twilight in 
the Weſt was ſhut in; jo that 


no more Twilizht than in any 
at her part of the Sky near the 
Horizon appeared there: Ten 
By one of the known fixed Stars, 
having fred the true Hour of 


the Night, be found tbe Length 


of the Twillght, to be as inthe 
Rule 15 mentioned. : 


which obſerve this Analogy or Propor 12 
As Radius or S. 90% 


Sun was departed ſo low th 


Twilight. 


tions *) to continue from th 
time of the Sun's paſſing be 
low the Horiæon of a Place, ur 
til the Sun had run below the 
{aid Horizon 189 00, and then 
followed the ſhutting in d 
the Twilight, and until th 


Twilight continued. — To ful 


1 Sc. of the Sun's Declination; 
So is Sc. of the Pole's Height, 
To a fourth Sine, which keep. . 
Then out of the Sur's Diſtance from the 
South Pole, ſubduct the Complement of the Pol 
and of that Remains and the Degrees 62, being 
added to it, their Sum and Difference found, ſay 
again; 
As the fourth Sine ) 
To S. Z Z. of the Remainder and 62 oO; 3 
So 75 8. E X. of the Remainder and 622 00', 
| To a Number, which being multiplied by the 


Radius 18 equal unto the Quadrant of the Sn q 
t 


> Of 


the 


Pakes the Twhght longeſt of 
Wy Twilight, the whole Vin. 

half Lear: Now in a cer- 
in Parallel, betwixt that Tropick and the Equi- 


Aſtronomical Propoſitions.” 


e Aigle of the Sun's Diſtance at the ending & 2, 


{the Telight, from Noon next enſuing. 

Then from the Sum of the whole Ange con- 
erted into Hours, ſubſtract the Hour 25 the 
s ſetting , it gives you 


de Length of the Crepuſculum 4 07 1 Diur nal Arch, 
Wr I. / br, 


But the Sun being in the ner Trbpict, 


Hal, 18 the ſhorteſt Cepuſculum The Decli- 


ien of which Parallel is thus found. 


As the Tc. of the Pole, 
To the S. of the Pole; 

§o is the T. of 09? oo, . | 
To S. of the ee of. the Parallel, in 


Thich the Sn maketh the ſhorteſt Crepuſculum 
the Year. 


| But before: the Crepuſculum come to be ſhort- 


Wil, there is another Par alle/, in which the Ce- 

| uſculum is equal to that of the Equino&al: 
e Declination of which is found thus. : 
As the Radius or S. 90 co, 


To S. of the Pole s Elevation or Aunitade; 


So 18 S. of 18? 00' 


70 find the Length of the lea 
Crepuſculum or, Twilight. 


To S. of the Declination of the Parallel, Jy 
hich the San maketh the ee equal to 


hat in the e 
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PROP. M. 
To find the Quantity of the Angles, which th 
Circles of the 12 Houſes make with the Me 


ridian. 


This is the Analogy « or Proportion. 
15 we Radius or S. 900%, 


T. of 602: for the 11th, oth, rth, and 1 
Haſs or to the T. 30* * for the . 8th, 6th 


and 2d Houſe, 


Fo is the Sc. of the Pole, 
To 1 he Tc. of any H. 2 E, with the Meridin 


PROP. XXII. 


2 To find the Right Aſcenſion of the Point in i 


Equinoclial: And alſo the Point in the Ecly 
 tich, called Medium Cel, or Cor Cui. 


Fis t To find the Right Aſcenff TH of the | 


n Equinottial, called Medium Cali, ul 


Cor Cæli, find out the Sun's Right Aſcenſion, by 
Prop. 2. Then reduce the whole Time from 


Noon laſt paſt into Degrees, which add unto 
the Right Aſcenſion of the Sun, fo ſhall ther 


Aggregate be the Right Aſcenſion of the Point 
which in the Equnodttel is called Medium Ce, 


vel Cor-Celi, required to be found. 
Secondly, 'By the 2 Propoſitions aforegoin 
you may find the Right Aſcenſion of the Point 


in the Ecliptick Culminant in the Meridian, cal 


led Medium Cæli, vel Cor Cæli; which is the 
Cuſpi of the Tenth Houſe, and his Declinatial 
by Prop. the firſt, 


PROP. 


0 


bought. 
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PR OP.“ XXIII. 
To find the Angle of the Ectiptick with the 


Meridian. 


The Analogy or Proportion is, . 

As the Radius or S. 900 

1 S. of the Sun Greateſt Declination; SHOTE © 
So 18 Sc. of the Sun's Right Afcenſ: on, from 


he next Equinoclial Port, 


To Sc. of. the V. on f the e Bclprich with the 


leridian. 


PRO p. XXIV. 1 
To find rhe Angle of the E pic with the 


10} on. 


The . or Proportion is W 
Ae Radius or S. 90?, 


To Sc. of the Altitude of Ce Crli; wh 
$» 5s S. of the V. Ecliprick with the Meridian, 
To Sc. of the £4 of 5 e and Hrizor 5 


PROP: XXV. 


1 find the ain Ortive of the Abend, 


or Horoſcopus. 


This is the Analogy or Proportion, 
As Radius or S. 90%, 
To S. of Altitude of Med. Culi; eee 
So 7s T. of V. E cliprick with the Meriden” 
To Te. of the Amplitude Ortive of the Aſcen- 
Lunt, or the W of the Azanuth from the 


PROP. 


Meridian, 
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from the Meridian, wherefore the Cuſpis 5 tel 


may be found thus: 


So is Tc. of the Altitude of Med. Cali, 


| * cendant Degrees: 


E To find the Diſtance of the Cuſpis of any ay 3 


: Houſe _ from Med. Celi. 
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PROP. XVI. 


To find the Aſcendant Degree of the E cliptick, o 
the Cuſpis of the firſt Houſe. © 


The Amplitude Ortive of the Aſcendan, . 5 
equal to the Diſtance of the Azimuth of 90% 


firſt Houſe, or Aſcendant Degree of the Ec li 00 | 


As Radius or S. 90, | 
To Sc. of theV. Feliprick with the Meridian; 


To T. of the Diſtance of Med. Cel, from the | 


PROP. VII. 


From Med. Cali. 


This i is the Analogy or Proporiiets: 

As Sc. of the remaining part of V. of the Et 
prick with the Meridian, (found by Prop. 28.) 

To Sc. of the former part of the; 

So 7s T. of the Altitude of Med. Celi, = 

To J. of the Diſtance of the Cg. of that 


8 
MH 
+= 
8 7 
8 
— 7 
o 4% 
0 
_- 
5 
3 
1 
1 
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PROP. XXVII. 


To find the parts of the Angle of the E acl 
with the Meridian, cut with an Arch perper 
dicular to the Circle of any of the e | 


The Analogy Or Proportion i IS, 


As Roms or 8. 90* 1 
5 


Aſtrononical Propoſitions. 

To Sc. A/titude of Med. (vi, 

§o 1s TI. of the Circle of any Houſe with the 
leridian, 

J Tc. of that part of that Angle which is 
Wnext the Meridian: 

hen ſubſtract that part found, out of the 
hole Angle, for the remaining or latter part. 


PROP. XXIX. 


of the Houſes. 


/ 


The Analogy or Proportion 1s, 
As the Radius or S. g0?, 


the Meridian: (found by the 21 Prop.) 

: $o zs the 8. of the Pole's Elevation, above the 

1 Horiæon of the Place, 

1 | To» S. of the Altitude of the Pole, above the 
Circle of Poſit tion. ; 


— 


Y knowing 7 be 1 and Laude of any 


at clination. 


| The Analogy or 1 _— 
I. As Radius or S. 90%, 


Equinottial Point; 
| $0 5s Te. of the Stars Latitude, 
| ToT. ofa fourth Arch. | 
| Which compared with the Arch 1 Düne 
1 betwixt the Poles of the . and the Echprick 
| K. 235 


F o find the Pole's s Altitude above any of the Circles 


To S. of V. of the Circle of the Houſe wih 


Fed Star, to find bis _ Afcenſi ton and De- 


To S. of the Stars Longitude from the alk 
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$ 2, 232, 30': And if the Latitude and Longitude fl 
the Star be both of one Dignity, i. e. when thei 

Star hath North Latitude in the ſix Norther Ml 
Sies, V, &, I, S, d., WM, or South Latitu Wi 

in the ſix Southern Sines, . „M, 7, Y, * x. 
Then ſhall the Difference between this four 
Arch, and the Diſtance of the Poles be yo 
ftifub Arch: But if the Latitude and Longitu 
of the Star be of contrary Qualities, 1. e. te 
one Northern and the other Southern; then ad 
this fourth Arch to the Diſtance of the Po: 
23 zo, and the Sum thereof {hall be you 4 
fifth arch; with which, 


4GAIN jy, 


2. As S. of the fourth Arch, 

To S. of the fifth Arch; 

So zs T. of the Stars Longitude, | 
J T. of the Stars Right Aſcenſi 101 But ti: 
next Equi noctial Point. 


3. As Sc. of the fourth Arch, 
To Sc. of the fifth Arch; 

So is S. of the Stars Latitude, 

10 8. of the Stars Declination. 


D I might alſo ſhew how by having tit 
Latitude and ; pon of any two fixed Stars 
to find their Diſtance: But becauſe tis the very 
fame with finding the Diſtance of any tw 

Places on Earth, I refer you to the Direction 
of Prop. I, 2, and 3, of Chap. 7. enſuing when 
you wall ſee the plain Demonſtration thereof. 


p ROI 
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PFROP.,: X20: + 
Dy knowing the Pole's Attitude. to find when any 
| fixed Star ſhall be due Eaſt or We ſt. 


| This is the Ana/ogy or Proportion, 

As Radius or S. 90?, 

Jo I. of the Stars Declination; 

Fo is Tc. of the Pole, 

To Sc. of the Stars Horary Diſtance from the 


W Lridian. 
„„ 0 p. XXII. 
1 by knowing the Pole's Altitude, to find the Ele- 


being due Eaſt or Weſt. 


This is the Analogy or Propertian, 
As S. of the Pole's Altitude, 
10 Radius or S. 90% 5 
655 S. of the Stars Declination, 
gon, at due Eat or Weſt. 


PROP. XXXII.. 
1 find out the H origontal Parallax of the Moon. 


the The Analogy Or Proporti tion. 

f | 6 the Moon's Diſtance from the Center of the 
art 

wo 


To the Earth's Senidiameter; 

So 1s Radius or 8. 90% 

To S. of the Moon's Horizontal Parallax in that 
hiſtance. 


Jon 
nere 


f. 


JP 


vation of any fixed Star above the Horizon, 


1 S. of the Stars Elevation, above the Hori: 


K 2 PROP. 


| 160 
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; 
} 


By knowing the Moon's Place in the Ectiptick 


rallax i in that Altitude. 


Proportion 18, 


of the Moon. 
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PROP. XXIV. 


The Horizontal Parallax of the Moon being knows, 
zo find her Parallax in any apparent Latitude. 


This is the Analogy or Proportion. 

As Radius or S. 90% 

Jo S. of the Mw 9 Altitude; 5 
So is S. of the Moon's Horizontal Parallax, 
ToS. of the Parallax 1 in that Altitude. 


PROD. XXXV. 


(having little or no Latitude) and her Paralu 
of Altitude, to find the Parallaxes of her L 
gitude and Latitude. 


Erft, If the Moon be in the 902 of the Ech y 
tick, the hath then no Parallax of Longitu; 
and the Parallax of the Latitude i is the very Ie 


Secondly, But if the Moon be not in the oct 
Degree of the Eclipticꝶ, to find the Parallax 
of the Latitude and Longitude, the a 4 


1. As Radius or S. 90e, 
To T. of the V. of the Fcliptick and Horizn;Ml 
So is Sc. of the Moon's Diſtance from the 4. 
cendant, or Deſcendant deg. of the Ecliprick, 
Io Te. of the Ecliptick's V. with the Azinul 


AGAIN /n, 


2. As the Radius or S. 902, 

Jo S. of that /. tound; 
So is the Parallax of the Moon's Altitude, 
Jo the Parallax of her Latitude fought. 


3. As the Radius or S. 90 o., 

To Sc. of the former V. found; 5 

50 zs the Parallax of the Moon's Altitude, 

Io the Parallax of bis Longitude ſought, which 
ing added to the true Motion of the Moon, if 

We b- on the Eaſt part of the 902 of the Eclipticck. 
r from it to be deducted, if ſhebe on the Weſt 
Dart of the 902 of the Ecliprick. 


PROP. XXVI. 


vw | 
n ow by knowmg the Refraftion of a Star, to find 
J His true Altitude. 15 


He that hath any Knowledge in the Diop- 
iche or the Doctrine of refracted Rays, mult 
eds know that becauſe of the Atmoſphere or 
Tick vaporous Air that ſurrounds the Earth, all 
he Celeſtial Bodies, but particularly the Stars, 
uſt needs appear higher than really they are: 
ind therefore to find their true Height, Thave 
mexed this Table of Refractions which ſerve 
or the Stars only, calculated by Hebo Brabe, 
Nobleman of Denmark, and a moſt famous 


[NWironomer. 


| © Bs A Table 
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\ Table of the R fraction of the 
Star, obſerved by Tycho Brabe. 
Altitude  Refrattion. 
. 305 oo! 
1 „ 
1 15 30 
* 12 30 
1 . 
Gs RR PIER... FP... 
6 +l OO 
4 . 
| 8 6 45 
f 8 6 O0 
1 „ 
11 . 
12 4 | 30 | 
„„ 
14 wo 30 
. 
1 2 30 | 
17 2 oo 
18 4 1 
1 22 ©: 08-13, 


The Us E of which TAB LE is thus 


EXAMPLE: 


Suppoſe the Alritude of a Star were found] 
Obſervation to be 135; the correſpondent 
frafion is 4 oo”, which ſubſtracted from 


leaves 125, 56', which is the true Al 


titude. 


CHA 


e 
Of COSMOGRAPHTY. 
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AN OsMOGRAPHY, according to its Eiymo- 
Z 4 logy, is a Deſcription of the viſible Werll, 


Wr:pcrties. It bath two Branches, Aſtronomical 
Wd Geographical. ER 


The Aſtronomical part is that which informs 


nd of the Laws and Motions of the Stars and 
Planets, without ſome previous Knowledge of 
Which, Geography cannot be well underſtood. 


compoſed of the four Elements, included with- 
bn the Heaven, as an Egg within its Shell; in 
molt agreeable to its Nature. 


above the Earth; but by the Decree of the On- 
nipotent, leaving certain Places open and un- 


Auimal e. 


Nein a Science that teaches the Knowledge of the 
Firucture or Frame of the Univerſe ; examining 
o its Figure, Magnitude and Diſpoſition, with 
heir reſpective Diſtances, Motions, and other 


Ws of the Diſtindion and Druiſion of the Heavens, 


8 Now the belt Idea we can have of the Figure 
Jof the World is, that it is a Sphere or Globe 


The Water leſs folid, and ſo more liquid is 


diſcovered for the Habitation of Man and other 


K 4 "-: Tha 


rhich Sphere each Element hath a Situation 
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and encompaſling them on all parts. 


the Vir, and encompaiting it every where, an 5 
Body ot Matter unknown to us, tranſparent, er yr 


and by the Ornament of the Stars there place, 


mid, Fire-hot. 


the infinite Wiſdom of the Great God, who u 
preſerve a Concord among Contraries, ha 


dry. and the moiſt the Cold is placed, and be ; 


Deſcription of the Heavens and Laws of tit 


: ing of Geography cannot be attaurd: For we 


The Air more rare and clear is above both 


. 


The Fe more ſubtil, light and agil, is abon s. 


1s neareſt to the Heaven. | 3 
The Heaven or Firmament environing the whol Wi 


quiſite, incorruptible and unchangeable; whigiif 
by reaſon of its Perfection, perpetual Motion Wi 


may be termed Divine Matter. 5 | 

Now each particular Element hath a Quality 
predominant in it, and peculiarly natural u 
it; as the Earth is dry, Water-cold, Air lM 


From all which, how ought we to admin 


laced a Moderator between two different Qui 
ities, of whoſe Nature both the one and tx 
other ſhould participate: For that between te 


tween the Cold and the Hot the Humid? | 

So that each Element ſavours of the Quali 
of its Neighbouring Element; the Earth coll 
and dry, the Water cold and moiſt, the Ar 
hot and moiſt, the Fire hot and dry. 
But leaving this, which is more the Buſinek 
of a Philgſopher, J proceed more ſtrictly into Wi 
the Aſtronomical part; which informs us of the 


Stars, without ſome previous Knowledge d 
which (as I ſaid before) the right Underſtand: 


cannot comprehend why in one place the Days 
f | EM e | are 
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re more long or ſhort than in another, and in 
me Countries equal to the Night; and which 
more to be adnurd, at certain Seaſons equal 
Wroughout the World, and why the Qualities 
Wt the Winds are different according to the va- 


1 roceed. 5 . 2 
And firſt of the Heaven: It is found by Ex- 
Nerience there are many Heavens, one inclu- 
ing another, and by Conſequence one larger 

an another, in Number no leſs than Eight; 


Wome are of Opinion there are Nine, others 
s, beginning at the loweſt, according to the 
WOrder of the Seven Planets or wandring Stars. 

The Beaven of the Moon, of Mercury, Venus, 
Ihe Sun, of Mars, Fupiter and Saturn; the Hea- 
ren where the fixed Stars, the Twelve Signs, 


ad the Poles are: And laſtly, that which is 
Walled the Primum Mobile and Emperigue Hea- 
Even, the Principal Habitation of God; tor it is 
Waid in the Scripture, That Heaven is my Seat, 


Kc. 


Wcath and within it, carried by the Motion of 
the Primum Mobile, moves according to the ap- 
Parent Motion of the Sun, Moon and Stars, 
which is from Eaſt to Weſt, as is very evident 
From a few Hours Obſervation in the Day and 
Night: But for the more plain Deſcription and 
Diviſion of this Heaven into certain parts, ima- 
Eine a Globe or Ball between two Fingers, and 
that I cauſe it to turn without removing my 
Fingers, would you not allow that the two 
Minute Points under the Fingers are immoveable, 


Wious Points of the Compaſs from whence they 


Nec which, more in the following Diſcourſe. 


The Heaven which environs the others be- 


that 
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will not the Ball then be divided into tu 


contrary to the former Motion, and theretot 


Able to ſay, that the Space included bet wen 


Poles, the one called the ie or North, th g 


drawn on each ſide the Æquator may be tern 


more confind, every Day making his Toy 
round the World from the Eaft unto the We 
in the time of twenty four Hours; notwitk 


Courſe rarely or never any Winds but th 
North and Eaſt blow, whereby frequent 
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that is to ſay, they do not change their Pla ff 
And it you make a Line round this Ball equi" 
ly diſtant from thoſe two immoveable Pom 


A 3 


equal Parts? Further, if when that is done yr 
make two other Lines round the Ball, the owl 
on the one ſide, the other on the other Side if 
the firſt Line equally diſtant, is it not reaſwlſ 


the two laſt Lines may be compared to a G 
dle encompaſſing ſuch Globe? _ . 

Juſt fo is the Conception to be made of thi 
Heavens: The two immoveable Points are ti 


other the HAntartick or Soutn ; the Line din 
ding the Glove into two equal Parts, may 
called the Equator, and the two other Ling 
ed the Tropicks. —_ i 
And the Space on the Globe or Ball betwen 
thoſe two laſt Lines, is what we call the Tori 
Zone, in the Limits whereot the Sun is ever 


ſtanding which Motion, it hath another Ms 
tion from one Tropick to. the other, andy 


r AM. — 


from Weſt to Eaſt. By this Motion the Sm 
finiſheth his Courſe in one Year; hence pte 
ceeds the Four Seaſons, as ſhall be hereatter 
mentioned. In the whole Region of the Sun 


Showers and.conftant Breezes; and ſo W 


07 Coſmograpby. 


e Air more temperate than its generally 
ought to be. This done, let there be drawn 
oon the Globe or Ball two Lines round, the 
Die between one of the Poles and one of the 
ichs, and the other between the other 


Wn ſuch manner, that beſides the Torrid Zone, 
he Globe ſhall be divided into four, which 
ith the Torrid Zone makes up five Zones: 
MV hcreot the two next the Poles are frozen and 
rtreamly cold, the Sun never going beyond 
ee Tropicks, that is to ſay, out of the Torrid 
one towards the Poles =» 

And thoſe two Zones which are between the 
frozen, on the one ſide, and the other of the 
Iorrid, are the temperate Zones; under which 


bor the Habitation of living Creatures: For 
the ſame Diviſion is conceived to be made up- 
con the Earth as was in the Heaven. 
Therefore granting there are five like Zones 
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ol and the other Tropick of the Ike Diſtance = 
the firſt, which is 23 Deg. + from each Pole; 


choſe parts of the Earth are moſt co modious 


WW upon the Earth, thoſe which are under the Celd 


jhall-be cold, thoſe under the Temperate tem- 


treamly hot. : 


: = . 
WE pcrate, and thoſe under the Torrid Zone, ex- 
0 | 


It is alſo obſervable, that the half of the Globe 


from the Aquator to the North Pole is called 
the North Hemiſphere, and the other Motety 


towards the South is called the Southern Hem:- 


Having divided the Sphere into five Parts, as 
naturally it is, it remains that the other ne- 


n 
N 
˖ 
lere. 
: 
WW cellary Circles be deſcribed; and there is a 


principal one in the eighth Sphere, which is 
5 more 
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Places, exceeding the Limits of the Tropick 


der the Zodiack from the Eaſt to the Welt, 
making the Tour of the World in the Space of 


next Iaurus &, Gemini I, Cancer S, Leo d, 
Virgo M, Libra , Scorpio m, Sagittarius t, 


Nou as to our Imagination, a Line paſſeth thro 
the Eclipticꝶ . For that when the Moon is in Op 


poſit ion to the Sun in this Line, it cauſeth an 


be deſcribed before the end of this Treatiſe 
But to proceed to the Planetary Orbs or Her 


carried by the Motion of the Primum Mobile, 
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more demonſtrable upon a Celeſtial Globe, he 
ing ſomewhat difficult to be comprehended op. 
ly by the Imagination. However, it is a Cir. 
cle as large as one of the Zones, but obliquely M 
ſet upon the Torrid Zone, cutting it in certain 


and croſſing in Byay (that is, obliquely ) the 
ZEquator : And this is what we call the 29 

diack, where the Twelve Signs are; ſo called, 
by reaſon thoſe Signs by the Poſition of thy 
Stars make certain Figures of Animals, ani 
likewiſe of the Temper of thoſe Animals whoſe 
Names they bear. This Circle is divided into 
twelve Parts, the firſt whereof is Aries V, the 


Capricornus V, Aquarius x, Piſces N. 
I 2 


the Torrid Zone called the Æquator, fo through 
the middle of the Zodiack paſſeth a Line called 


Eclipſe; of which, more in the following Dif 
courſe. And this Line never exceeds the Bounds 
of the Tropicks, there are other neceſſary Cr 
cles, as the Horizon, Meridian, &c. which ſhall 


vens. 4 
The whole Heaven of the Planets turn un- 


— . . ET FEI La 1 


twenty four Hours; by reaſon of their being 


and this Motion is called a rapid Motion: Te 
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L to them, which is from the Weſt to the Eaſt, 
hich they continue notwithſtanding the other 
lotion, as. we have already ſaid the Sun hath, 
Ind as Experience ſhews us; and as we ſhall 
nake more clear by, the Example of the two 
Doſt apparent Planets, biz. the Sun and the 
oon. „ . 
Manifeſt it is, when it is new Moon, ſhe 
Peing then near the Sun, that ſhe paſſeth with 


otion, making her Tour in twenty four 
oves from the Sun towards the Eaſt, and thus 


W-nth Day when it is full Moon, ſhe is in the 
Haft at the time of Sun-ſet, which is made by 
the Motion proper and natural to her. By this 
Motion the Planets paſs through all the Signs of 
the Zodiack one after another; and tho' by Ex- 
perience we know this Motion to be contrary 
Wto the firſt, it is no wonder that for divers 
Cauſes they may at the ſame time have divers 
Motions, as on divers other Occaſions: For if 
I am upon the Water in the Forecaſtle of a Ship 


the Ship from the Eaſt, it does not hinder me 
to walk to the Stern towards the Eaſt : So that 
the Planets have a Motion proper, which is 


king the Tour of the World; and departing 


tain time they return to the ſame Point again: 
| But the one ſooner the other later, according 
to the Largeneſs of the Orbs they move in, or 


by 


=. as - Ry *R_— Pom . 
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y have a contrary Motion, which is natu- G 1. 


Pim towards the Weſt, according to the rapid 
Hours; and proportionable to her Increaſe, re- 


y little and little gets ſo far, that the four- 


filing to the Weſt, though I am carried with 


from the Weſt to the Eaſt, while they are ma- 


from a certain Point in the Zodiack, in a cer- 
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Planets, one advancing faſter than another, i 
the Cauſe of the Conjunctions, Oppoſitions and 
Aſpects of the Planets, which vary the Diſpoſe 


Motion, and from their Paſſage through the 
twelve Signs in the Zodiack, Prognoſlicators de 


they not intermeddle with what depends not 
part which is called 7udicrary, in regard it rv 


_employ'd in Matters of great Moment, we 


content our ſelves with their Ephemer:des, 4 
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by the Will of the God of Wonders, it is ny 
therefore without Cauſe that David ſaid, Th 
Heavens declare the Glory of God, and th 
Firmament ſheweth his handy Work. „ 
It is alſo found by Experience, that th 
Moon which is in the loweſt Sphere, and coy, 
ſequently hath a leſs Circle to make, finiſhe< 


her Courſe in twenty eight Days; Mercury which 
is above her in eighty ezght Days, Venus in tui 
hundred and twenty five Days, the Sun in th 
hundred ſixty five Days and one Quarter, Mang 


in two Years, Jupiter in twelve, Saturn in thi: 
ty, and the Eighth Heaven in thirty ſix thou 
ſand Years; that is to ſay, every hundre{ 
d (rf bp, 
And this Difference of Motion among tte 


tion of the Air: And from this Diverſity d 


rive their Predictions of the Diſpoſitions of Sex 
ſons of Heat, Cold, Rain, Storms, Deartb, or 
Sickneſs ; all which would be tolerable, dil 


upon the Influences of the Stars. But as to that 


quires an exact Supputation of Degrees, Hours 
and Minutes, being not neceſſary to ſuch as are 


leave it to the Learned, who profeſs it, and 
Work almoſt Divine : And it is ſufficient Oc- 


caſion for us to admire the wonderful a 
p 0 
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tour Creator; how that by the Courſe of the 
zun in the Zodra-k is cauſed the four Seaſons 
\ the Year, v:2. Spring, Summer, Autumn, 
Ver; and how flac by the fame Courſe the 
oon increaleth and decreaſeth, and how the 
/ipſes both of the one and the other doth hap- 
Den. Moſes in his Account of the Creation of the 
World, mentions only thoſe two Laminaries 
Which he calls the greater and the lefler 
1 Ws” Ee ID UE 
85 that the Sun by its proper Motion finiſh- 
St! its Courſe in the Zodiack in one Year, or 
hree hund red ſixty five Days and one. Quar- 
er, and when he enters into the Sign Aries, 
yhich is part of the Æquator, then it is the be- 
Finning of Spring; and paiing through Tarurys 


onſequent ly the ſtrongelt, it cauſeth great 
ome to the Deſcription of the Horigon. And 


he paſſeth into Libra, which is the other Sign 
Enſwerable to Aries in the Æquator; and then 


of September, and from Libra through Scorpio 


and Sgeittarius enters into Capricorn, through 


from whence he ſets out, continuing conſtant- 


been 


Ind Gemini, draws near to the Point which is 
e higheſt, from us called Cancer, which 1s that 
Point or Part throngh which paſſeth the Sm. 
Per Tropick : And being there the higheſt, and 


eat and long Days; of which more when I 


ontinuing from (Cancer through Leo and Virgo, 
egins Autumn, being near about the middle 


he beginning whereof paſſeth the Northern 
ropick: And then begins Winter, which con- 
tinues till he be got through Aquarius and 
ices, and then he comes again into Aries; 


y the ſame Courſe, which he finiſheth, ashath 


13 
91. 


been already ſaid, in one Year: And Afroy 


Of Coſmography. 
mers have found by long Experience, that j 
one Year there are three hundred ſixty fi 
Revolutions, and one Quarter of the rapi 
Motion of the firſt Heaven, which are fo m 
ny Days: For we call that Space of time an 
tural Day, which is between the riſing of th 
Sun and the ſucceeding riſing of the Sun, q 
from one Noon to the Noon following; au 
from this Quarter, which is ſix Hours, 1s mak 
one Day every fourth Year, that the Accouy 
of the Year might agree with the Courſe 
the Sun. This is attributed to Ceſar the Difle 
tor; but in Reality, a Tropical Year is nt 
three hundred ſixty five Days and 11x Hou 
but five Hours and forty nine Minutes: $ 
that every Year there is wanting eleven M 
nutes to make up the ſix Hours. 
Nor, The Obſervation of Cæleſtial Bodi 
are the ſureſt Marks and Meaſures of Time. 
The Moon alſo goes on in the ſame Cour 
through the twelve Signs in the Zodiack, with 
out making Diſtinction of Seaſons; but inn 
king that Courſe, ſhe ſhews her ſelf to us i 
four different Shapes or Forms : For being un 
der the Sun in the ſame Sign, which Sign eve 
it is, ſhe is called New; and making her Pm 
greſs towards the Eaſt in the Space of eight aul 
twenty Days, in ſeven Days time ſhe paſleti 
through three Signs of the Zodzack, and there 
fore is removed from the Sun the fourth par 
of the Zodiack, and then it is increafing : And 
when removed from the Sun fix Signs, that i 
to ſay half the Zodiack, ſhe is in the full, aul 
is in the Eaſt at the very Hour the Sun . 
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Nine Signs, then ſhe appears to be in her De- 


Courle. „ 
To the more map underſtanding how that, 
in her Courſe, h 


2 


= 


from the Sun, which, by reaſon of the Round- 


E 


nate her on every Side; becauſe all Rays of 
ight proceed in a direct Line: Inſomuch, as 


Clearneſs; in regard the San being higher than 


l her, and he Illuminating the Upper- part only: 
ror her Body bein Round, and not Tranſpa- 
rent, the Sun can Illuminate no more than one 


half thereof, or ſomething more; and there- 


But removing from the Sun, that half which 


part thereof, the Moon tending towards the 
Eaſt: And this is what we call Encregſing, 
with regard to us, in proportion to her Diſtance 
from the San; and when removed the Diſtance 
of the half of Heaven, we ſee the whole part 
which the Sun illuminates 3 and thence ap- 


to Diminiſh, becauſe the eden ſeems to 


and paſſing farther, when ſhe hath gone 
through three parts of the Zodiac, which is 


er Clearneſs Encreaſeth and 
Decreaſeth ; firſt conſider, That the Moon is a 
Body Round, Opaque and Globical ; that is to 
ſay, not Tranſparent, borrowing her Light 


neſs and Opacity of the Moon, cannot Illumi- 


fore then we ſee not any thing of her Clearneſs : 


was illuminated begins to appear on the Weſt- 


proaching the San on the other ſide, ſhe ſeems 


turn 


creaſe, or Laſt Quarter: And when ſhe hath 
Ipaſſed through the Twelve Signs, and comes 
again under the Sun, ſhe is then again at 
New : And this is her perpetual and conſtant 


hath been already ſhewn, when ſhe is in Con- 
junction with the Sun, we ſee nothing of her 
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& 7, turn its Countenance, and, in proportion ty 
her drawing near to the Sun, we are deprive 
of the ſight of that Clearneſs. And, as hath 
been already ſaid, in divers times all the other 
Planets do the ſame; ſave only, that we cap 
not fo ſenſibly obſerve either the D:mmutin 
or Augmentation of their Light: And, by mean 
of the Diverſity of their Motions, with th 
Sign wherein they are, it happens that ther 
Influences, to which inferiour Bodies are ſubjed 
are diverſe, and at the time of our Birth hat 
- impreſſed in us various Qualities and Ten 
peraments. es 
Now it ſometimes happens that thoſe tw 
Great Luminaries are deprived of their Light, 
the Moon ſimply, the Sun only in appearang 
to us, which is call'd an Eclipſe. 
A s to the Sun, his Clearneſs is always after 
the ſame manner, not ſubject to any Vaal 
tude, Alteration, or Change. The Eclipſe d 
the Sun is when the Moon is Diametricall 
conjoin'd to the Sun, both being in the Ec 
tick-Line, which cannot happen Tat when ſit 
is at New : And by reaſon of the Opacity au 
Obſcurity of the Body of the Moon, whid 
cannot be penetrated by the Light of the Sn, 
it obſtructs our view of the Whole or Part of tht 
Body of the San. . 5 
An Eclipſe of the Moon, may be either Toni 
or Univerſal, and that for divers Reaſons: Ib 
the more eaſie underſtanding whereof, let u 
preſuppoſe, that the Sun making its ordinar) 
Tour with the Heavens round the World, dnve 
the S::dow of the Earth into the contrat 
Part: So that the Night is nothing elle 1 
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turning, growing narrow towards the Heaven, 
not in the Form of a (Column, but in a Roun 
Pyramid, and riſes up to a part of the Heavens, 
above the Lunar-Heaven: And, as hath al- 
ready been affirm'd, that there 1s never any 
clipſe of the Sun, but when the Moon is at 
New; ſo there can be no Echpſe of the Moon, 
Nut when ſhe is in the Full. For while the Moon 
loth traverſe the Point of theShadow of the Earth, 
o us ſhe is not viſible during ſome ſpace of time, 
ſometimes more, ſometimes leſs, according as by 
er Courſe ſhe paſſeth through a broader or nar- 
ower quantity of the Shadow of the Earth 
ret this doth not always happen, although 
very Fourteen Days ſhe is at Full, and in 
Dppoſition to the San, being then half the 
eavens diſtance from Him; yet ſhe is not 
ractly Diametrically oppoſite, that being only 
Ihen both are in Oppoſition to each other in 
he Eclipticł-Line, or very near: For ſhe is 
ot in the Ecliptick more than twice every Re- 
olution, as the San is not in the Aquator 
ore than twice in its Annual Courſe. _ 
The Body of the Sur is much et : 
han the Earth, as is manifeſt from the follow- 
ng Reaſon. If an Opaque or Dark Body, op- 
lite to an Illuminated Body, be greater than 
e Illuminated Body, it makes an infinite 
madow ; that is to ſay, which terminates no- 
here, but the more remote, the greater: As 
he Vulgar Experience of thoſe who take Birds 
the Night doth plainly ſhew, when they 
Ty a Candle behind an Object much bigger 
lan that Candle, And 2 the contrary, when 
; 0 Eh 4 


the Shadow of the Earth; and this Shadow thus 0 1. 
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an Illuminated Body is greater than the Dark 


Body which is oppoſite to it, the Shadow will 
terminate in a certain Point, and ſhall go on 
until ſuch time as the Rays, which proceed from 
the Illuminated Body, aſſemble and ſet bound, 
to the Shadow. This is ſo agreeable to Reaſon, 
that it needs no other Demonſtration. _ 
It hath been here affirmed, That the Shadoy 


ol the Earth ſhuns the Sun, and extends it fel 


on the ſide contrary to him: If the Earth 
were greater than the Body of the Sun 


the Shadow of the Earth (which woull 


be much larger) every Ful-Moon, woult 
Eclipſe the Moon, which wou'd endure ſom 


Days both before and after; and this dr 


dow. by the ſame reaſon, wou'd darken al 
the Fixed and Wandring-Stars which ſhou'd & 
oppoſite to the Sun. And yet we ſee, that ti 
Shadow does not obſcure any of the Star, 
and but ſometimes cauſeth an Eclipſe of tis 
Moon. It may therefore be neceſſarily cor 


cluded, That although this Shadow reachet 
the Heaven of the Moon, it reaches no farthe, 


and moreover, that it terminates in a Pyrami4 


the Rays of the Sun, who is greater than tit 


Earth, aſſembling round the Shadow. ._ | 
Briefly to Conclude concerning the Magi 


tude of the Sun. Since the Shadow of tit 


Earth terminates in ſome certain Place, and 
that it riſes growing narrow at the end; i 
muſt be clear to a Rational Creature, That tit 


Sun, which is an Illuminated Body, is large 


than the Earth: For otherwiſe the Rays coul 
not re-unite, and terminate the Shade of tis] 
Body of the Earth, 5 

Is . Hither 
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Hitherto we have only deſcribed tle Sphere, 
hat is to ſay, the Number of the Heavens, and 


ew their Motions, and on what Side they 


urn, and in how long Time: We have like- 


riſe divided them into certain Parts, which 
are calld Zones, ſpeaking of their Qualities 
End Temperaments, and by which Zones the 
Piunets move, and the reaſon of certain Acci- 
Wints to them. And now that from thence 
ane fruit may be drawn, to the better under- 

Wanding of the Deſcription of the Earth, tor 


hat all this Diviſion of the Heaven ſhould have 
place in the Deſcription of the Earth, we muſt 
magine, that the ſame Circles have place upon 
he Terreſtrial Globe, that it may be bet ter un- 


Wcrſtood what Part of the Earth correſpends 
o each Zone. By which means, with the help 


f Mee, it may eaſily be known, who thoſe 


dre that inhabit the Torrid, Temperate, or Frozen». 
Zones, and the reaſon why it is more Cold or 
ot in one Place than another, and what is 
earer, or more remote, from the Eaſt, Weſt, 
0th, or North: Which could not be well 
Widerſtood, without a precedent Deſcription of 


e Heavens, 5 . 
To the better underſtanding why the Days 


n one Climate are Longer than in another, 


nd why under the Æquator they are always 
qual to the Nights, and that in March and 
deptember, they are Equal throughout the World, 
e mult neceſſarily ſpeak of the Horizon. 


We muſt imagin the Horizon, or Limiter 
pt our Sight, to be a Circle in the Sphere of 
r World : The Latins call it Circulus Dividens, 


ecauſe it Divides the Sphere into Two Equal 


M3 - Parts, 
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$ 1, Parts, but not like the others before: mention d 
And you are to preſuppoſe, that in whatever 
Place you are, eſpecially upon a Hill or Moun. 
tain, caſting your Eye round, you ſee the 
Halr of the Heaven. So that the Horizon i; 
an Imaginary Circle, which Divides the Whole 
Heaven into Two Equal Parts; that is to ſay, 
that which we do ſee, from what is not ſe 
8 onſidering then a Right - Sphere; Suppok i” 
we are in ſome Part of the World under the 
Torrid-Zone, and directly under the Aquata 
ſo that the Æguator being equally diſtant fron 
the Poles, the South and North-Poles may be 
ſeen by us, and conſequently within our He EF" 
rizon; that is to ſay, at that proper Place 
that ſeparates that Part of the Heaven which 
we ſe, and is above us, from that Part of . 
Heavens which is below us, and which is ng 
ſeen by us, in that manner which we bebe 
the Sun, which in the Morning, at its Riſing 
enters into our Horizon: And the Line d 
Circumference which we may 1migine to h 
in that Separation of the two Moieties of Hai" 
ven, is that we call the Horigon. 
We may therefore ſay, That being unde 
the Æquator, the Poles would be under ou" 
Horizon, and that the Sun continues there tis 
ſpace of Twelve Hours, for that it makes th 
whole Circle of the World in Twenty fou 
Hours: And thence it is manifeſt, that ti 
Days are Equal to the Night; and that a 
Noon-tide, the Sun being in the Æqguator, B. 
dies perpendicular to the Horigoy have 10 
dow: And ſo it is with thoſe Perſons g 
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diting that part of the Globe, having the Sun 
directly over their Heads, that is, in their 
Now removing out of the Fguator, this 
Horizon will ſhew us, by the Elevation of the 


Pole, how much our Zenith is diſtant from 
ne Equator : And, on the contrary, by the 
ſtance from the Equator to our Zenith, we 
all know the Height of the Pole above our 
Vorigon. And in regard more than Half the 


eaven cannot be {een by us, the Bulk or the 
Artli obſtructing our View, and that being 


nder the Æquator, our Zenith is in the Aqua- 
or ; and by this means we ſee the Poles on 


ne fide and the other of the Horigon; it cannot 


e otherwiſe, but that departing from the Hori- 
207 ſome remarkable ſpace Northward, but that 
ur Zenith changeth equally ; and ſo much our 
igt gaineth towards the North, and loſetn 
owards the South; and hereby weloſe the ſighr 
pf the South-Pole, and elevate the North Pole 
above our Horizon And this is calld an 


01/:9e-Sphere, in regard it ſeems to lean on 
A 55 "SH. 
Put the caſe that we are in the Middle of 
he Temperate-Zone, we ſhall find, by the Way 
Ich the Sun ſhall make in our Horizon, that 


Matters will ſoon be changed: For the Days 
here will be Equal to the Nights but twice in 
the Year, viz. in March and September ; and 
he remaining part they will be always Un- 


qual, as in the beginning of Winter they are 


Short, in the beginning of Summer very long; 


ind that Bodies at Mid- day ſhall always caſt 
a Shadow. Which Things cannot be under- 


L 4 ſtood, 
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ſtood, without underſtanding the Nature o 
the Horizon; which cannot well be compre 


there is a moveable Circle for the Horizon, an 


placing the Circle where it ought to be fa 
thoſe who inhabit in the Middle of the North 
 Temperate-Climate, as thoſe who inhabit nM 


hall be elevated above the Horizon, ſo mug | 


Line of the Northern-Tropick, which is te 


reaſon is, for that although the Hor:2on riss 
or falls with regard to the Poles, it notwitl 


or at Right-Angles, they can no other wa 


Equator, is the knowing haw much aur Sphe 
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hended without ſome Inſtruction upon th 
„„ 


Take therefore a Terreſtrial Globe whereon 


1 will declare the Reaſon of what ſhall happa, 


France, you will find, that as much as the Pal 


their Zenith ſhall be diſtant from the Mquatq. 
And that all the Lines which the Sun deſcribs 
above the Horizon, by his Diurnal Motion 
{ſhall be Unequal, except it be when the Sun xi 
in the Ægquator, and that the Shorteſt Line di 
all is the S$outhern-Tropick, which we have a 
ready ſaid to be the entrance into Capricon, il 
and the beguming of Winter; and the Lone 


entrance of the Sun into Cancer, and the begw 
ning of Summer, "5 ___ 
And when the Days are Equal to the Nights 
in the Middle of the Temperate-Zone, the Sm 
is in the Agquator; which is wonderful: Ib 


ſtanding cuts the Aquator in Equal Parts; 
for all the Circles which divide a Globe into 
Equal Parts, whether they cut them Obliquel, 


interſe& but in Equal Parts. Now the know: 
ing how much our Zenith is diſtant from tit 


. 
7 


1 


F 


Of Coſmograpby. 


wo manners, addreſſing our ſelves to the Pole 
levated above the Horizon, or to the Sun at 
he Hour of Noon, adding or diminiſhing ac- 
ording to its Dechnation. To the underſtand- 
ng whereof, there will be ſome occaſion of 
Experience; which will not be difficult, after 
V {hort and eaſie a Declaration. e 
The Reaſon is, The Inhabitants under the 
ole have the Æquator for their Horiaon; and 
Pence it is that the half of the Zodiac always 
Appears to them above the Horizon > And 
therefore ſuch as inhabit under the Arric&-Pole 
e the Sun from the Month of March to the 
Month of Seprember, and the other Six Months 
Wit is out of their ſight ; as more evidently may 
be demonſtrated either by a Czleſtia/ or Terre- 
rial Globe. For you will find, if the Æguator 
Ibe the Horizon, we cannot ſee the Sun but when 
Wit is above the Horizon. The like in the other 
Hemiſphere; whence thoſe that inhabit under 
leither Pole, their Whole Year is but One Day 
%%% ng TL. 
The Antipodes are thoſe whoſe Feet (the 
Farth interpoſing ) are oppoſite to ours : The 


i A Inhabitants under the Artariici-Pole, are the 
ls WY 4:11podes to thoſe under the Artick. 

* In Anſwer to a Vulgar Scruple. There is 
s: WW 20 more Danger of Falling Down, than that 
to WY the Earth ſhould be deprived of its Natural 
(Situation: The Heavens encompaſs the Earth 
a7 WH 21d our Bodies being Terreſtrial, they adhere 
to the Earth ;for all things of Ponderoſity tend 
e downwards; as a Bullet forc'd up perpendicu- 


larly, which, notwithſtanding the Yom of 
FEY nm.. 


. Oblique ; which the Aſtrolabe ſhews us in 8 I, 
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§ 1. the Powder, at length tends to the Centre ct 
| the Earth. And though the Air, by reaſon 
of its Rarity, yields to any violent Motion 
| it is not a Conſequence that it ſhould give 
4 place to the Globe of the Earth; for each El 
ment preſerves its Station entirely, and can he 
in nd other Place; ſo that it yields to no otha 
Element, either in general or particular, with. 
out ſome Force; as may be proved by the 
Air, which though it be moveable, doth al 
ways more or leſs reſiſt any other Body: Ex: 
perimented by any who run againſt the Wind; 
and likewiſe by that of an empty Veſſel's be 
ing plung' d in Water, which being full of Ai, 
| (for there is no Vacuity in Nature) and hs 
ving a narrow Mouth, the Water, the Element 
of more gravity, tending downwards, to poſlel 
its natural ſtation, the Air ſallies out, and the 
' Oppoſition between them, puts the Water int 
2 vidlent Motion, with ſome Noiſe. 
The Natural Cauſe of the Earth's con. 
tinuing to be the Centre of the World, is it 
Gravity; from which ſtation it naturally can 
Not be removed; for then, contrary to its Ns: 
ture, it ſhould aſcend. - „ 
All Ponderous things tend to the Centre of 
the Earth: And it is demonſtrable, that if: 
Hole were made in the Earth from one part 
to the other, and ſome weighty thing, as 2 
Leaden-Bullet, ſhould fall into that perforatel 
part, it would have its Motion no farther than 
the Centre, not beyond it, for then it would 
. 5 
But to return to the Antipodes. The Anti 
podes are thoſe who are diametrically en 
E | 5 | | . : 0 
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us, and diſtant from us one half of the Ter- 
eſtrial-Globe. Imagine then a Line paſſing 
om our Zenith through our Head, and through 


int where this Line goes out at is the Anti- 
ales. So that to find this upon the Terre- 
trial-Globe, firſt obſerve in what Parallel, that 


re, and then obſerving where the Meridian 
Ioth croſs the Parallel, which anſwers to ours 


and in that Part ſhall be the Avtipode c. But 
his is comman. And thus you will find that 
hey are contrary to us; when it is Day with 


e Centre of the Earth to the other ſide: The 


n the other Hemiſphere, under our Horizon, 


hem, it will be Night with us; Winter with 
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c to ſay, what Diſtance from the Ægquator we 


hem, Summer with us; when the Days are 
ort with them, they are Long with us ; 
aud ſtill they have their Seaſons after the ſame 


manner as we have ours; becauſe being in the 
ame Parallel with us, they are as much diſtant 
from the Ægquator as we are. 3 
Thus much of Cos MoGRAPHY, ſo 
neceſſary to the due underſtanding of 
GEOGRAPHY. 


— — 


. 
tions, Oc. 


which ſheweth how the Situation of King- 
doms, Provinces, Cities, Towns, Villages, 


| Forts, Caſtles, Mountains, Woods, Havens, 


Rivers, 


of GEOGRAP HT, withits Defini- 


2 OGRAPHY 7s an Art Mathematical, 


735 
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and Verity, and moſt aptly to our View' may be 
Repreſented : That is, It is a Deſcription of d 
the known Earth, imitated by Writing an 


Commodities, &c. but ſhall only give you ſons 
general Definitions of the Diſtinction and De. 


1s environ d round with Water on every fide; 
as the I/ of Great-Britain, Fava, Wight, &c. 


not ſeparated, interlac'd or divided by theSa, 


Geographical Definitions. 
Rivers, Creeks, &c. being on the Surface of 
the Terreſtrial-Globe, may be Deſcribed, ani 
Deſigned, in Commenſurotion analogicat to Natun 


Delincation; with all other things belonging 
thereunto. BE 
1 ſhall not here inſiſt on the Names and 
Deſcription of Kingdoms, Provinces, Cities, Vi. 
lages, &c. nor of their Manners, Cuſtoms, Lam, 


nomination of ſeveral Parts of the Earth and 
Water, with ſome Prob/ems for finding the Di 
Rance of any two Places onthe Terreſtrial- Globe 


"2 .- DBFINITIONS: :-; 
I. The Globe of the Earth, is a Spherial 
Body, compos'd of Earth and Water, and i 


divided into Continents, I/lands and Seas. 
2. AContinent, is a great quantity of Land 


wherein are Kingdoms, Principalities and N- 
tions; as EUROPE, As IA and A RI C A, 00 
one Continent; and AMERICA is another. 


3. An I/lard, is ſuch a Part of the Earth that 


4. A Peninſula, is ſuch a Tract of Land which 
being almoſt cut off from the Main-Land, and 


„F 3 — „ 


encompaſſed round with Water, yet neverthe 


Cymirica, and Morea in the Levant. 


OE" 


leſs is joined unto the firm Land, by ſome little 
Iſthmus ; as Peloponneſus, Peruviana, Taurica, 


5. AN 


. 


— \ 


5. An Iſthmis, is a little narrow Neck of 6 2. 
and which joineth the Peninſula unto the 
ontinent. : = 
6. A Promontory, is ſome high Mountain, 
hich ſhooteth it ſelf into the Sea, the utmoſt | 
nd of which 1s calld a Cape ; as Cape-Boon, 
ſperance, Cape de Verde, and Cape de Coquibocao. 
5. The Ocean, is a general Collection of Wa- 

ers, which environeth the World on every 
de, and produceth Seas, Straits, Bays, Lakes 
Ind Rivers : Of which, and other Waters, Ovid 

hus ſpeaks in Ins Metamorphoſis - * 


Tum Freta diſfiudit, rapidiſque tumeſcere ventis 
Juſſit, & ambite circundare littora terra. 
« He ſpread the Seas, which then he did command 
© To ſwell with Winds, and compaſs round the Land. 


. The Sea, is part. of the Ocean, to which 
we cannot come but through ſome Strait; as 
Whe Mediterranean, or Baltick-Sea. 
9. A Strait, is a part of the Ocean reſtrained 
within narrow bounds, yet openeth a way to the 
ca ; as, the Straits of Gibralter, Helleſpont, &c. 
| 10. A Creek, is a crooked Shore, thruſting, as 
it were, two Arms forth to hold the Sea; as, 
the Adriatick, Perſian and Corinthian-Creeks ; 
from whence are produced Rivers, Brooks and 
Fountains ; which are engender'd of Congealed 
Air in the Earth's Concavity, and ſeconded by 
Sea-water Creeping through the hidden Cranies 
of the Earth V; 
11. A Bay, 1s a great In- let of Land; as, the 
Bays of Mexico and Biſcay. 1 
12. AGulpb, is a greater In- let of Land, and 
deeper than a Bay; as the Gulphs of Venice and 
Brida = 8 
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ide the Eguinoclial, whoſe bounds are the tw 


the Polar-Crcles. 


fide thereof; then ſubſtract the leſſer Laritult 


Alexandria, 4. Dia Rhodes, 5.DiaRhomes, 6. D. 


and Antartick-Circles, and their reſpecti: 


How to find the Diſtance of am two Cities of 


Geographical Propoſitions. 
13. A Climate, is a certain ſpace of Earth ai 
Sea, included within the ſpace of two Paralt), 


and there have been anciently accounted that 
ſeven, (vz.) I. Dia Meros, 2. Dia Syenes, 3.1); 


Boriſthenes, and 75. Dia Ripheos. 5 

14. A Zone, is a certain ſpace of the Fark 

contained betwixt certain Circles of the Spher, 

of which there are Five; (v:2.) the Torrid q 

Burning-Zone, two Temperate, and 1wo Hy 

or Frogen- ones. 1 | 
The Torrid-Zone, is that which lieth on ea 


Tronckr of = — Ä— 8 
The two Temperate-Zones, are thoſe which 
lie betwixt the two Tropicks of S and W, aul 


The uo Frigid-Zones lie between the Artic 


PROP. I. 


Places, which differ only in Latitude. 


In this Propoſition there are two Varietis, 
which are theſe : ee on 
1. If both the Places lie under one and the 
fame Meridian, and on one and the ſame fide 
the Equinodlial, either on the North or Souti 


from the greater, the Difference multiply 
by 70, (becauſe 70 Engliſʒ Miles is a Degree) 
the Product is the Diſtance of the two Places 
in Enghſh Miles. If you multiply by 60, it 
. ; | | Slves 


Geographical Propoſitions. 


ves it in Meridional Miles, that is, ſuch Miles 
s are uſed in Navigation. 
2. But if the two Places lie under one and 


he ſame Meridian, but the one on the South- 
Je of the Equinoctial, and the other on the 
orth- ſide; then add both their Latitudes to- 


ether, and multiply their Sum, as before, it 
ives their Diſtance. | | 


PROP. II. 


o find the Diſtance of any two Places, which 


differ only in Longitude. 


There are alſo in this Propoſition two Va- 
jeties. 5 


1, The two Places may both lie under the 


quinofial, and ſo have no Latitude: And jf fo, 


ubſtract the leſſer Longitude out of the greater, 
nd convert the Remainder into Miles, by 
Inultiplying their Difference, as before; ſo have 
Fon the Diſtance of any two Places ſo poſited. 


139 


Fe 


And here Note, That if the Difference of Lon- 


gitude be above 180 deg. then you muſt uſe the 
Supplement of that to 360. "OP 


| 2 But if the two Places differ only in Lon- 
Etude, and lie not under the Equinoctial, but 


under ſome other Intermediate Parallel of Lati- 


ſude, between the Equinoctial and one of the 


'oles. Then to find their Diſtance, this is the 

400 or Proportion: 5 
As Radius or S. 90°, 

Jo Sc. of the Latitude; N 
So 7s S X Longitude, GY 

To S. of % their Diſtance : Which being Doubled, 


and converted into Miles, gives the required 
ſtance, ws NorTE, 


7 

x i 
Tr 
N 
1 
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uoctial and have no Latitude, and the oth 


Difference of Langitude may be above 90 Dy 


To find the Diſtance of any two Places, whi 


obſerve this Analogy or Proportion 85 


So 7s Sc. of the given Latitude, 


either both towards the North, or both towarl, 


by this Analogy or Proportion: 


from the Complement of the leſſer Latitude, tit 


NoTE, We compare the Sine of Half th 
Difference of Longitude, by reaſon the whj 


of which there is no Sine. 
PROP. III. 
differ both in Latitude and Longitude. 


In this Propoſition, three Varieties do preſey 
themfelves to our View. 5 
1. One of the Places may lie under the FA 


under ſome Parallel of Latitude between th 
Equinoctial and one of the Poles. In ſuch caß 


As Radius or S. of 909. 


| To Sc. of 1 heir X. of Longitude 5 


Jo Sc. of their Diſtance required © 
2. But if both the Places propoſed ſhall þ 
without the Equino#1a/, but on the one fide 


the South, .then their Diſtance may be found 


Ae Radius or S. 909, FT | 
To Sc. of their X of Longitude , 
So is Tc. of the greater Latitude, 

To the T. f a fourth Arch: Which ſubſtrate 


Remainder muſt be the fifth Arch. Then ſay, 
As Sc. of the fourth Arch, On 
To Sc. of the fifth Arch 
Go is S. of the greater Latitudes, 


Io sc. of the Diſtance of the two propoſed Plas 


— 


3. The two Places propounded may be ſo 
Gtuated, that one of them may lie on the North, 
and the other on the Sou fſide the Eguinoctial; 


ained by this Analagy or Proportion : 


As Radius or S. 900, 

To Sc. of X. of Longitude ; 

So is Tc. of the greater Latitude, 

To T. of a fourth Arch: Which being ſuh- 


<<. Then ſay, 


As Sc. of the fourth Arch, 

To Sc. of the fifth Arch; 
Go is S. of the Latitude firſt taken, 
To Sc. of the Diſtance required. 


£2 > £8 — 


aces on the Terreſtrial-Globe : For if the 


She Diſtance of Places ſo ſituated may be ob- 


racted out of the Sum of the other Latitude, 
and the Radius or 90?, the Remainder is a fifth 


Theſe are all the Varieties of the Poſitions of . 
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Diſtance of any two Places be required, ther 
a nuſt fall under one or other of theſe Varie- 
7 ies, and may be obtained by one or other of 


doing 3 


f any two Fixed-Stars, or their Right Aſcenſion 
nd Declination; then, by theſe Rules, their 
tance may be found; which is of good Uſe 
n Aſtronomy. It may alſo be applied to 


ice ; Which is treated of in its due Place. 


he Proportions, mention d in the three fore- 


Alſo, if you know the Latitude and Longitude 


ircular Sailing; of all other ways, the moſt 


AS. Do 


CH Ap. VIII. 
Of NAVIGATION. 


| TAV1iGATION, ſo call d from Navis, 
| N Ship, is an Art Mathematical ; whi 
 ſheweth how, by the ſhorteſt good Way, h 
the apteſt Direltion, and in the ſhorteſt Time, 1 
conduct a Ship from any one Place unto any oth 
Place afſiened : It hath been highly eſteemed h il 
Ancients : It is the Glory, Beauty, Bulwark 
IWall and Wealth of the Engliſh Nation, and in 
Bridge that joins it tothe Unive, ſe. Navigationi 
commonly divided into Three ſorts of Sailing; ui 
Plain-Sailing, Mercator's-Sailing, and Circular 
Sailing: Of all which Three Parts, T ſhall tr 
in their Order. 5 „„ 


n +] 


——_— —_— D — 


Si 1, 


Of Plain-Sailing, or Sailing Ly the Phit 
„ e 


P Lain- Sailing, or Sailing by the Plain. Clun 
is the plaineſt way, and the Foundatin 
of all the reſt: And although the Groun 
and Projection of the Plain- Hart is erroneous; 
yet is it more facile to the Learner, and mi 
ſerve indifferently near the Equinoftial ; be 


cauſe there the Degrees of Longitude, as wil 
Wo ©, OE 4 


O Navigation. 16 3 


as the Degrees of Latitude, are Equal: Each 8 1. 
Degree being divided into 60 Minutes or 
les, though they are ſomewhat more than 

Engl: ſh Miles, each Minute or Mule containing 

about 60⁰⁰ Feet. 


P RO P. I. 5 dine of 
The Rhumb, and Diſtance ſailed thereon, being Aab l. 


given; to find the Difference of Latitude, and 1 a 11 
the Departure from the Meridian. e 


Admit a Ship ſails N. W. by N. 372“ or ow of FY 
les, OF 124 Leagues; Inn her Difference plied to 

f Latitude, and Departure from the Meridian? Propoſiti- 
In the Triangle ABC, the Hypotbenuſe AC pf, # 
epreſenteth the Diſtance failed, or Rhumb-line, Sail ing. 
the Departure from the Meridian, and AB 


he Difference of Latitude. : 
1. To find which, fay, .. 4. 


fs Radiums or 8. 90, 

To Log. Diſtance ſailed 372“; 

So 1s Sc. V. A. of the Courke 569 . 
To Log. cr. AB 309 Minutes : Which being 
wided by 60“, giveth 5. 9 18“ * the Diffe- 
ence of 1 


2. To find the Departure from the Meri. Fig 44. 

un, ſay, | 

As Radius or 8 90e, 

1 Log. Rhumb-lne AC 372“; 

$0 75 S. of V. of the Courſe. A 33* 45, q 
To Lag. cr. BC 206 Minutes, the Departura 

om the Meridian Which divided by 60, giveth 
* 26' 36“ for the Difference of Langitade: 


L. | M 2 NorTs, 
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of theſe is call'd Northing or Southing, the 


By the Rhumb and Difference of Latitude given; 


Fg. 44 As Sc. of V.of the Courſe A 56* 15, 


E.. 41 As Se. of A V. of the Courſe 619%: 


? PRE 


— 


? ü Latitude is moſt to be rely'd on. 


Of Navigation. 

Nor, That by this Propoſition, you may 

keep an Account how much you have failed 
either Eaſt or Weſt, North or South: The firſt 


ſecond Eaſing or Weſting. 
PROP. II. 


to find tbe Diſtance, and the Departure fron 


the Meridian. ; 
Admit a Ship fail N. W. by W. until he 
Difference of Latitude be 3098; Minutes; Ide 
mand her Diſtance ſailed, and her Departur 
from the Meridian? 


1. To find the Diſtance, ſay, 


To Leg. cr. AB the X. of Lat. 30918 Minute, 
So ig the Radius or S 90, FO & 


"To Leg. AC 372' the Diſtance failed. 
2. For the Departure, ſay, 


Jo Log. cr. AB X. of Lat. 3098; Minutes; 
So 1 S. of V. of the Courſe A 33 45 
To Log: cr. AB 20675 Minutes, the Departutt 
required. 3 e 
e Buy the help of this Propoſition, whe 
your Latitude, by Obſervation, doth not age 
with your Dead-Reckoning, (kept by the formet 
Propoſition ;) Then, according to this Ruk 
you may make your Way ſail d agree witl 
your obſerved Latitude, and fo correct yout 
Account or Dead-Reckoning : For the "ber 
PRO} 


- 
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PRO P. III. 
bone the Diſtance of the Meridians of two. 


fend be Rhumb, and Di ſtance. 


alle! thereof, C St. Mary's Iſlamd, (being one 
the Azores ) and CB the Al idizn thereof. 
In the Tr:ang/e ABC there is given the ſide 
1B 816 7772. the Diſtance of the Lizard from 


eir Difference of Latitude 768 min. I demand 


ſtance of the Lizard from St. Mary's ? 


1. For the Rhumb or Angle at C; ty, 
As Log. cr. CB 758% | Re 

To Radius or S. 90%; 

So is Log. cr. AB 816, . 

To T. of the Rhumb, or Angle at 0 469 44, 
nd 1 xs the Lizard unto St. Mary's to the 
purth Rhymb of the Meridian, and 1 44 more, 
18. S. W. and 1 44 Weſterly, or from Saint 


nd thus it ſhall be by the ade os 7. 


2. For their Diſtance AC, oy, 


As 8. Rhumb or V. at C 46? 44, 5 
To Log. cr. AB 816“; 


l 

1 So 15 Radius or 8. 906, | 

I Log. Hypoth. AC 1120's 15; which is the 
(WW iftance of tie Ligard unto St. Mar ys Iſland, and 


ch mould be the Diſtance by the Plain. Churt. 
M 3 ie 


Places, and their Difference of Latitude u% 


e Rhumb, i. e. the Angle at C, and the 


Admit A to repreſent the Han AB the 


1 e Meridian of St. Mary's, and the ſide CB Eg. 47. 


lary's to the Lizard N. E. and 1 44 Eaſterly: 5 


Pg. 45- 
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Fig. 46. 


Fig. af | 


| berween the two Ports f 
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PROP. IV. 

Admit two Ships to ſet Jail from one Port, oy 
Ship fails H. S. V. 40, the other W. by N. 
far until ſhe finds the firft Ship to bear from, 
S. E. y E. I demand the ſecond Ship's Diſtang 
From 2 Port, and their Diſtance aſunder? 


In the Triangle ADE, let A repreſent th 
Port, AD the W.S.W. Courſe, and AE th 
Courſe W. by N. 


1. To find the ſecond Ship 8 Diſtance " 
the Port, ſay, 
As 8. of V. at E 22% 20, 
 ToLog.cr. AD 4 
So is S. of V. at D 1230 455 


To Log. cr. AE 867% os min. which 18 5 the U 
ſtance required. 


2. To find the two Ships t their Dif 
aſunder, ſay, . 


As 8. of VV. at E 220 30, 
To Log. cr. AD 400; 
So i8 S. of V. at A 33 45, 
To Log. cr. DE 58 bo min. which i IS the U. 
ſtance required. 


PROP. v. 


Two 5 bips ſet ſail from two Ports which lie 
and S. of each other, the one fails from ib 
Nort bermoſt Port 72% 29. „and then meets it 
other Ship, which came " from the Southern 
Port, on a N. W. Courſe, and had failed frm 
thence 5648; ; I demand the Rhumb on which1l 


F Sup meds hex Wo, and ao the DJ 


Þ 
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In the Tr:ang/e ADE, let A be the Souther- & 1. 
moſt Port, AD the Courſe and Way of the 
cond Ship N. W. 56788, let E be the Norther- 
moſt Port, ED the Courſe and Way of the 
other Ship 727, and D the Place where they 
Ppoth meet. _ „ 


1. To find the Rhmb on which the firſt Ship 
75 ſay, Foe » th yp 23 = 

As Log. cr. f,] rw | 7 
15 S. of V. at A 45 % tie. 47 
So is Log. cr. DA 5648, _ LE 

To S. of V. at E 33 45' : Which ſheweth the 
Courſe of the firſt Ship to be S. W. by S. 9 


2. To find the Diſtance between the two _ 

Ports A and Eclayy 14 Fg. 47. 
As S. of V. at A. 45 oo, LL tk 
To Log. cr. DE 728 3 
So is S. of Vat D 101% 157 
To Log. cr. EA 100', which is the required 

Piſtance. 5 e 


„% © oe - CA 
Admit a Ship coming off the Main-Ocean, and I had 
ſight of a Promontory or Cape, by which it is my 
efire to ſail , I find it to bear from me S. S. E. 
and diſtant, by Eſtimation, 33" or Miles: But 


keeping ſtill on my Courſe S. until the Evening, 
þ having ſailed 36' or Miles; Iwou'd then know bow 
be Cape bears, and its Diſtance from the Ship? 
"WM to the Triangle ADE, Admit that at A, Ido 


obſerve the Cape D to bear from me S. S. E. 23, 
and having failed from A to E 36' South; I de- 
ire to know its Diſtance and Bearing? In 


M 4 te 
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Fg. 49. 
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the Triangle there is therefore given AD 3, 


45 leaves the Angle at E 66? 25 : 80 that th 
Cape D then bears from me E. N. E. = oP g 


| Cape is then diſtant from the Ship 1 3786 Mik. 


dler 64! ; and let D be the Land, diſtant from 
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AE 36', and the Angle at A 222 30. 


1. To find the Angle at E, ſay, 


As Z. er AE, and AD 69, 

To X. er- AD; and AE 03; _ 
So is T. VV unknown D and E 78⁰ 45 
To the T. of 12 200: Which taken from 8 


r 


Northerly. 


2. To find the Diſtance of the Cape ED tron 
the Ship, fay, 
As SV. at E 660 25, 
To Log. cr. AD 33“; 
So is S. V. at A 22. $0.5; 
ToLog.cr. ED 13758 s Miles diſtant: So that th 


9 


PROP. VIL 


Teo Ports, both lying in one Latitude, diftant bf 
or Miles, the Weſtermoſt of thoſe Ports licthq 
poſite 60 an and more Northerly diſtant ther. 
from 47' or Miles, which Iſland is alſo diftat 
from the Eaftermoſt Port 34! or Miles; I 
mand the Coaſt from the Weſtermoſt Port 1 
hat Iſland ? 


In the Triangle ADE, let A be the ye gn 
Port, and E the Eaſtermoſt Pert, diſtant aſur- 


A 47, and from E 34“; Then is the Angle at 
a required, which is the C:zr/e or Rhumb from 
the IWe 9 75 Port upto the Land To fi 
Which, Bay, 5 
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As Log. cr. AE 64,r Sh - 
To Log. Z. er AD, and ED 81'; 3 E 
Fo is Log. X er AD, and ED 13˙ 

To Log of a certain Line AO 4 

IWhich "id to AE 64“, is 80224 2255 

The + whereof is AB gorsts· 

Then again, lay, 5 

As Log. cr. AD 47”, 

To Radius or 8 90%; 

§o 7s Log. AB dong, wn 

To Sc. J. at A 58 51”, that i IS, N. F. by E. 
2 36“ Eaſterly; which is the Courſe from 
the /e N Port A, unto "= 1 1 D. 


"— 


8 E C 15 II. 
of Sailing by the True Sea- Chart, commonly 


calld MERCATOR's Chart. 
T HE True Sea-C bart , commonly call'd [3 „ 
MrxcA ro Chart 3 performs the 
{ame Concluſions as the Plain-Chart, vga 
85 ; N 
and almoſt as ſpeedily, but far more ,, fon de th 
exactly : Becauſe all Places may be Counryman Mr. Edw. 
kid down hereon, with the fame wright, although this 
Truth as on the Globe it ſelf, both Strange, hath almoſt 
to their Latitudes, Longitudes, Bear- de. ame and Praije 
i and Diſtance from each other. 0 
And here it will be neceſſary to have a 
TABLE of Meridional Parts, which I have 
extracted out of Mr. Wright's Tables, to every 
Tenth Minute of Latitude, accounting it in 
ſingle Miles, or Minutes of the Equinoctial; and 
have hereunto annexed the ſaid ES A 14 


K 


07 Navigation. 


A TAB L E of Meridional ile. 
"The Minutes f each Degree. 


3 


— 2 


5s ww ovale a  o | W1O = 5 


1 20 70 40 


The Meridiinal Mites. 
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A Table of Meridional Miles. 


| +3271 30 80 2. 
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The Minutes ef each Degree. 


8 


10 


Fr 
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The Meridional Miles. 


_ 
195 

2023 
2099 
2171 


2244 


| 2318 


2392 
2468 
2544 
2622 
2701 
2781 
2363 


2945 


3030 
3115 
3202 
3291 


3474 
3563 
3665 


3763 


28644 
3968 
4074 
4182 


4294 


1899 


1969 


2040 
14111 
2183 


2256 


2330 


2405 


24381 
2557 
2635 
2714 


2795 
2376 


2959 


3044 


3130 


3217 


3306 
3382 | 


1911 


1981 
2052 
2123 


21957 


2268 
2342 


2417 


2493 


2570 
2648 


2718 


2808 


2890 
2973 
3050 


3144 
3232 


3397 


3400 
3534. 


3681 
3780 


3881 
3985 


4092 


4201 
4313 


1923 
1993 
2063 


42137 
2207 


2281 


5 
430 
2506 
2583 
2662 
2741 


2822 
2904 
2987 
3072 


5 
3336 


3423 


521 
3616 


3714 


| 


1934 


2075 
2147 


2219 


2004. | : 


* & une o. 


„ 23 8 * . * 
* _—_ 
. b 
* . — 
% * * 2. », 
— » 2 27 — . * 
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10 


20 


30 


212 


"The Meridional Mileg. 


70 


> | 27 3o Bag . 


7 | 4547 


[SS SSS 8D 


— . 2 


4767 


4691 


4538 


4711 


| 4839 


4972 


9018 


520 


5390 


F552 
5712 
5879 


6055 
6239 
6431 
6640 


4603 
4733 
4861 
4994 


F132 


$275 
$423 


5678 


5739 


6357 6395 


7089 
7333 
7605 
7394 
3209 


85577 


8939 
9371 
9865 
10441 


11133 
11999 
131570 
14914 


618729 


4629 
4754 
4883 
fol7 
V 
5299 
5449 
F704. 
$767 


3 | $937 


6117 
6303 


6501 


16718 
6933 | 37 


— 


A Table of Meridional Miles. 
The Minutes of each Degree. 7 1 
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he Uſe of the Ta EN R is demonſtrated by the 
ſeveral Examples following, after this manner: 


PROP. I. 
nd by the Table; what Meridional Parts are 
contained in any Difference of Latitude. 
In this Propoſition, three Varieties preſent 
temſelves unto our View. 


1. When one Place is under the Equinoftia!, 
he other having North or South Latitude, his 
Mleridional Parts correſponding, is to be eſteem- 
d for the Meridional Difference of Latitude. 


EXAMPLE: One Place upon the Equator, 
he other in 27 of North Latitude; What's the 
Meridional Difference of Latitude? l 

Look in the Table, under Title The Deg. of 
Lat. and againſt 27 you will find 1683, the 
Meridional Difference of Latitude required, 


taken from the Meridional Parts of the greater 
Lantude, the Remainder is the Meridional Dif- 
ener require. 5 TY 


North Latitude, the other in 239 of the ſame 


Latitude? | 


ing 


2. When both Places are towards one of the 
Poles, then the Meridional Parts of the leſſer, 


Latitude ; What's the Meridional Difference f 


173 


9 2. 


EXAMPLE: Suppoſe one Place in 145 of 


The Meridional Parts anſwering to 14 of 
Let, is 848, and the Meridional Parts anſwer- 


Of Navigation. 
ing to 23 of Lat. IS 1418 ; the Difference | 
theſe, which is 570, is the Meridional Differeny 
¶ Latitude required. ; 


1 


at! 
iet. 


3. When one Place hath North, and the othy 
South Latitude, their correſponding Meridien 
Parts added together gives the Meridional Di 
ference of Latitude fought. Thus having foun 
them out, they may thus be applied. _ 

If the Degrees of Latitude had been the ſans 
as in the laſt Example, only one North, th 
other South, the Sum of the Meridional P arts 
Vis. 2266 would be the Meridional Difference 

Latitude. e [OY 


25 n 
By knowing the Latitudes, and the Difference 
Longitude of any two Places; to find ib 
| Rhumb, and Diſtance. „ 


Admit there be a Port in the Latitude of ʒ0 
co' North, and another in the Latitude of 17 
12“ North, and their Difference of Longitude 
5 522 57 Weſt , I demand the Rhumb and D: 
ance © 4 
In the Triangle Abc, let Ab repreſent the 
proper Difference of Latitude, be the Departur, 
Ac the Diſtance ſailed, A the Angle of the 
Courſe, c the Complement of the Courſe. 
In the Triangle ABC, AB is the Meridiond 
Difference of Latitude, BC the Difference of 
Longitude, A the Angle of the Rhumb, C the Comp.. 
of the Angle of the Rhumb : Theſe things being 
underſtood, the-Work evidenthy appears to be 
the fame as in Right-Arngled Plain nes.” | 
; | ere 


ne 
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There is then required, firſt, the Difference of 5 2. 
atitude, and this falls under the ſecand Va- ö 
Ficty. 5 I} 
ne Port Hieth in Lat. 50 oc N. 3475 1 iſ 
The other lieth in —— 13 12 N. 0799 s 


_- g—_— 


The Merid. Diff. of Lat. — | 2079. =( 
1. To find the Rhumb or Courſe, fay, 


As Merid. X. Lat, 2676', 
To Radius or S. 902? z 
S0 7s X. of Longitude 2 1777 


To J. of the Rhumb 49 53: The Conſet there- 
ore is S. W. 2 W. OW. 


2. To find the Diſtance, 
Lat. 50% oo. 
Lat. 12 


Proper Dif: of Lat. — 36 4s which js 2208 


\ 


Fig. 50! 


= = 


As Sc. Courſe 40 %% 

To proper X. of Lat. 2208“; 

do ig Radius or S. 9 ; ' 

To the Diſtance 3 426 Minutes, 28 required, 


PROD. III. 


By knowing the Latitudes, and D Die of two 
Places ;, to find the Rhumb, an Difference of 
Longitude e 


1. To find the Rhumh or Courſe, foy, 
As the Diſtance failed, © | 
To Radius or S. 90% 1 

So 
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So is the X. of Latitude, 
To Sc. of the Rhumb required. 


2. To find the Difference of Longitude, fa 
As Radius or S. 900, 
To the X. of Latitude in Merid. Fare; 
So 18 T. of the Rhumb, 
Io the X. ef Longitude required. 


PROP. IV. 


By knowi ng the Latitude and Rhumb of two Plan 


zo find their OE, and Difference of Lu 
. 


1. 1 find the Diſtance, ſay, 
- As Sc. of the Rhumb, 
Io ibe X. of Latitude; ; 


So zs Radinis or S. 90%, 
To the Diſtance re quired. 


2. To find the Difference of Longitude, ſay 
As Radius or S. 90% 
To the X. of Latitude i in Merid. Parte; | 
So is T. of the Rhamb, 


Jo the X. of Longitude required. | 
. 
By knowing the Rhumb, nc 5 Longitul, 


and one Latitude; To 25 the other Latitudt 
and the Diſtance. 


1. To find the other Latitude, fay, 1 
"As T. of the Rhumb, 
To the X. Y Longitude in Paris; 15 
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50 is Radius or S. 900, 
To the Merid. X. of Latitude required 


2. To find the Diſtance, ſay, 


As Sc. of the Rhumb, 
To the X. of Latitude ; 
So is Radius or S. 900%; 
To oy 3 Diſtance. 


PROP. VI. 


By knowing 1 be Diſtance, one Latitude,and PER 
to find the other Latitude, and Difference of 
Longitude. 


1. To find the Difference i Lud . 
As Radius or S. 90, 
To the Diſtance; 
So is Sc. of the Rhumb, 
To the X. of Lati rude required. 


2. To find the Difference 7 Longitude, ay, 
As Radius or S. 9092, 
To the Merid. X. of Latitude; 
So 7s T. of the Rhumb, 
To the X. of the Longitude required. 


\ 


| PR O p. VII. 
by knowing the Latitudes and Departure of two 


Difference of Longitude. 


North, the other in 47* 30' of the ſame Latitude, 


— - r , 


Places; to find their Diſtance, Rhunb, and 


Suppoſe one Place in the Latitude of 509 20t — 


and their W $et I 30 Js 3 What's their 
$ 1 N 8 true 


— — —— 


- ĩ ˙7 ( — 9 nn 


| 
| 
| 
0 
| 
| 


— 9 7 > 
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2 ference of Longitude. u 


ze former Author) for by it we ſum up i 


$ 3. 


grtude © 


which is 2 50%, or 190 Miles; and alfo th 


gitude; the Diſtance and Rhumb is e U 
Prop. IL 


Thewing the Neareſt Wa 40 and Diſtance between 
any two Places: And t 


* f Navigation. 
true Diſtance, Courſe, and Diff er ence of Ln 


Firſt, find the common-Difference of Lotitude 
(by takin g the /efſer Latitude from the greater) 


Meridional Difference of Latitude, which 1 Is 5h 
Then ſay, 


As the common Dif. of IS I 190 Alike, 
To the Meridional Dif. of Lat. 258; 
So is the Departure 130 Miles, b 
\ To the Difference of Longitude 177. _— Y 

177 divided by 60, gives 2® 57 , the true DF # 


Having thus gotten the Differentt of 'Lit 


This Cæſe is very it 4 l 


Day s Work when taken from the Log-ouri 
enter it into the Journal, in order to find 
the true Longitude and Laird: ow 9 10 
at any time. | 


8 = . 
As. * * — 


SECT. II. 


Of Circular-Sailing, or Sailing ** the Arch 
of a great Circle. 


HIS is, of all other, the moſt 3 way 
of Sailing, and above all other moſt perfec, 


bi dly po 
houg it is har 175 


hes 2 = ww wm _- 
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ſible to keep cloſe unto the Arch of a great Cir- 
cle, yet it is of great advantage to keep conve- 
niently near it, eſpecially in an Eaſt or Weſt 


179 


8 3. 


Courſe, In the former Propoſitions of Sailing, 


we uſed Meridians, Parallels and Rhumbs, as the 
Sides of every Triangle, whether by the Plain 


or Mercator's Chart: But in Circular Sailing the 
Rhumbs are not uſed fo, becauſe they are Heli- 


ſpberical-lines, and not Circles; nor the Parallels, 


becauſe they are not great Circles : Whereas the 


Sides comprehending every Spherical Triangle 
ax Arches of great Circles: Therefore here we 


uſe Arches of the Meridians, of the Equi noctial, 
and of other great Circles deſcribed, or ſo ima- 
gined to be deſcribed, from one Place unto ano- 


ther, on the Spherical Superſicies of the Earth 


T W 
Therefore here ariſeth Two things obſerya- 
3 
1. If the two Places lie under the Egquinodtial, 


hen is their Poſition Eaſt and Weſt ; and their 
Diſtance is their Difference of Longitude,” con- 


verted into Miles. Or, 


2. If the two Places propoſed be in one and 
the ſame Meridian, then is their Poſition North) 


and South, and their Diſtance is their Difference 
of Latitude converted into Miles, © 


And thus far doth Circular Sailing agree with 
the former; their Difference will evidently ap- 


prar, by theſe following Propeſitions. - 
PROP. I. 


Two Places, the one under the Equinodial, the 
other in any Latitude given ; alſo, their Diffe- 


rence of Longitude given; to find 
N2 1. Their 
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| 8 3 1. Their Diſtance i in the Arch of a great Circh; 
| 2. The diredt Poſiti lion of the #1 /t Place from 
_ the fond. 


3. And of the Second Place from the frſt. 


Here we call the Angles which the Arch 
makes with the Meridians of the Places pro 
pounded, the Angles of the Direct Poſrtions d 
thoſe Places one from the other; becaufe the 
Arch of a great Circle drawn between tw 
Places is the neareſt Diſtance ; and the moſt 
dire& Way of the one, tothe other Place. Noy 
T ſhall not here demonſtrate it by Schemes, as] 
have done in the other two Secfions, but ſhal 
only lay down the Proportions, whereby tl 
required Parts may be found; and fo leave th 
ingenious Seaman to practiſ it with Sehene 
at his leiſure : And, - 


1. To find the Neareſt Diſtance "RI Pla 
to Place, in the Arch of a great Circle, ſay, a. 
cording to the Joth . of RU l 
Triangles, | 


As the Radius, M02 
Jo Sc. of X. of Longitude; ; | of 
So is Sc. of X. of Latitude, | 
To Sc. of the Diſtance in the Arch require 


2. For the Direct P = tion, lay, by the 11th 
02 zſe, thus: | 


55 
To S. of X. of Latitude; 
So 75 Te. of X. of Longitude, 


4 
1 
1 
J 
I 
, 
3 
i 
i! 
} 
z 
ik 
1 
4 
k 
1 
14 
j 
1 
1 
15 
14 
1 
i 
1 
i 
1 
} 
1 
i 
o 
| 
: i} 
1 1 
3 35] 
- * 
b 
In 
7 i} 
4. j 
z 
"All 
a 
\ F 
1 ö 
iſh 1 
TH 
} 
16 y 
Wet 
1 4 
if p 
4 4 1 
+ | 
If L 
| £0 
1 I 
1 . 
iN, 
15 i 
1 
5 j 
Ml 1 , 
\ 1 
Ic, 
"Mi i 
= 
Þ:t of 
1 3 
: 
* . 
r 
if 
* 
1 
9 11 
q 7 
\ 1 
"4 
7 g 


FR _ = —— _ = = —_— 
e — Af.  — ——— 6 
— — 1 


* ets — — 
— —————— —˙Ü—— — neIe— —re 
8 * . — — 
- 


” Fo Tc. of V. of Poſition required, | 11 


—— TEN * 
* K — ——— ' —_ 
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2. For the Direct Poſition of the ſecond Place 5 Y I | 
om 315 firſt, ſay, by the 11th coſe, thus: | 


As the Radius, | 8 | 
To S. of the X. of e 1 | 
So js Tc. of X. of Latitude, 
To Tc. of Ye of Poſition required. 


PROP. II. 


wo Places propoſed, the one lying under 1 5 
Equinoclial, the other in any Latitude given, 
wth their Diſtance in a great Circle of the ſame 
Places being alſo known 1, to find, 


1. Their Difference of Longitude. 
2. The Direct Faſtti tion Jrom the oſt to the 


ond Place. © 
. And from the ſecond zo the 2 Place. 


1. For their Difference of Lorin foy, by 


aſe 12. 

4s Sc. of the Latitude, | 
To Radius; 

ois Sc. of their Diſtance i in the „ 
ToSc. of their Difference of Longitude required. 


2. Now to find the Direct Poſiri tion from the 
ſt Place to the ſecond, ſay by the 13th Caſe : 
ind, 3dly, For the Dire Poſition from the 
cond Place to the firſt, * * te . 14th Caſe 
dt Redangulars, F 


PROP. III. 


f 1 Places lying in one Latitude groen, their -Dif- | 
ference 7 Longitude being alſo known ; to find, 


A. I. The 


—  CTD CD aces fon ca << Www Na Ti 


| 


93. 


or converted into two Refangulars, by a ſup 


ſay, by the 3th Caſe of e 5 


doubled, giveth the Diſtance of the t two Fag 
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1. The Neareſt Diſt ance of thoſe two P laces 


2. The Direct Poſition of one Place Jrom th 
A 


The Reſolution of this Propoſition depends u 
the 9th Caſe of Oblique Spherical Triangles; by 


ſuppoſing the Oblique Triangle to be transfigue 


poſ ed Perpendicular * | And then, 
1. To find the Neareſt Diſtance'in the ard 


As the Radins, 

To Sc. of the Laritude; 

Fo 7s S. of x X. of Longrtude, - Dk) 

\ To S. of half the required Diſtance : Wi 


in the Arches, as ſought. 


2. For the Dired Paſnion, ſay, Fe the N 
Caſe, 
[- the Radius, 
0 S. of the Latitude; 
Ho is T of æ X. of Longitude, | 
To Te, of J. of Poſition 1 


PROD. IV. 


Tivo Places lying both in one Latitude even, and 
ße N Neareſt” lance being alſo known ; 10 fin 


I. Their Difference of Longitude. . 
2. The Direct Poſi tion ef. one Place fron il 
geber. e 

The Reſolution of this Projfeion falls unde 
= 1 11 RN C2 ue of See Spherical Thin; 


© . 4 2 * 


px => WR PI 


a md /oca oe. 
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Vr here you have the three Sides of the Triangle 
given, big. the Arch of Diſtance, and the other 


vents of the Places Lalitude : And here, ſeeing 


be two Sides are Equal, therefore the two 
es of Poſition are allo Equal. Now there is 
cquired the Three Angles ? 

1. To find their Difference of Longitude, add 


Ithe double of the Complement of Latitude to the 
Arch of Diſtance ; then from half this Sum de- 
auct the Arch of Diſtance, and then proceed in 
Fall points as you fee in Caſe 11th : So ſhall 
their Difference of Longitude be obtained, 


2. To find their Direct Poſition : 


be attained, 


PROP. v. 


gen ; to find, 8 1 
1. Their Difference of Longitude. 


f 2. Their Diſtance in the Arch of a great Circle. 

b 3. The Direct Poſition of the one from the other. 
No you muſt underſtand, that as the Semi- 

WY diameter of a Parallel, is in Proportion to the 
deni: diameter of the Eguinoclial; {0 is any num- 

a ber of Aer in that Prall, to the Mingter of 

Ml £2251tude anſwering to thoſe Mites So that if 

—_— RE - = we 


$0 Sides (are both Equal) being the Comple- 


Firſt, To the double Complement of Latitude 
add the Arch of. Diſtance, then from half that 
ggregate deduct the Complement of Latitude, and 
then work as before; ſo ſhall the Dire# Poſition 


Tioo Places prop #d lying in one Latitude, and 
the Diſtance of thoſe Places in their Parallel 
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d 3. 
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we ſuppoſe the Semi- diameter of the Equinoffiat 
to be Radius, then the Sem-diameter of any 
Parallel is the Sign of that Parallels Diſtance 
from the Pole, that is, the Sc. of the Latitude of 
that Paralle!: Therefore, 8 


I. To find the Difference of Longitude, ſay, 
As Sc. of the Latitude, | 

To the Radius; 

So is the Diſtance in that Parallel, 
Jo the Difference of Longitude required. 


2. Now the Difference of Latitude being ob- 
tained the neareſt Diſtance may be found, 2 
in the 3d Prop. aforegoing : 3. So likewiſe 
may the Angles of Poſition allo. _ 


PRO p. VI. 13 
By knowing the Neareſt Diſtance of two Places, 
their Difference of Longitude, and one of ther 


Latitudes ;, to find the Direct Poſition theres 
From the other. 5 


This Propaſition falls under the 1ſt Caſe c 
Oblique Spherical Triangles, and is thus reſolved: 
Thanre. VVV! 

As S. of the Diſtance of the two Places, 
To S. of their X. of Longitude ; 8 
So 78 SC. of the Latitude of the one Place given, 
To S. of the Dired Poſition from the other as 

was ſo required, ; 9 


„Or VIE. ©: 00k 
By knowing the Latitudes of wo Places, and ſite 
e their Difference of Longitude \, to find, 

ee 
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1. The Diſtance in the Arch. 
2. The direct Poſt non from the firſt to hs 
ond Place. 
2. The direft Poſt: tion from the Second to the 
rſt Place. 


4. The Latitudes and Longitudes by which the 
reh paſſeth. 


hrough thoſe Latitudes and Longitudes, accos La 
ng to Mercator. 


imple of a Voyage from the Summer-I/lands, 
into the Lizard > Now becauſe the Work is 


ible, Therefore, 


Ip the Triangle ADE, let A be the Summer- 
ands, whoſe Latitude 1 Is 32® 25', AD the Com- 
lement thereof 57 355 let E Tepreſent the 


erence of Longitude, namely, the Angle ADE, be 


an Arch of a great Circle paſſing by theſe 
o Places: Now {ee the Operation: 
1. By having the Complements of the Lati- 


amely, the Angle EDA, 50? oo“: You may 
fnd the Neareſt Diſtance EA to be $3* 24 J by 
(uſe 9. § 5. Chap. 5. 

2. Then having found the Neareſt Diſtance 
In the Arch EA to be 53e 24 (or 3204 Miles,) 
_ angle of Poſition from the Summer-Iſtands to 


L the 


I ſhall here make uſe of Mr. Norwood's Ex- 


Farious, I have therefore illuſtrated it with a 
heme, and ſhall be as _ and facile as poſ- 


12ard whole Latitude is 50? oo, and ED the 
onplement thereof 40 o0', and let their Dif- 


udes of the two Places, viz. AD 572 35, and 
ED 400 oO, and their Difference of Longitude, 


5. The Courſe and Diſtance from Place to Place i 


Eg. 51. 


10? 00', now D repreſenteth the North. Pole, and 


Eg BY 


| BDc 48 31] 
BDf 38 31 

BDg 28 31 
IBDh 18 21 
| BD 08 31 | 


and BDE, which w 


you 1 


namely, the Auge AED, be found to be 81 
that is W. by N. and 2? 25 Weſterly, 

4. In order to the finding the Latitude: my 
Longitudes by which the Arch paſſeth, fid 
let fall the Perpendicular DB, fo is the Obligy 
"Triangle ADE converted into two Re&angular 
viz. ABD, and DBE: Secondly, by (, 
6 4. Chap. 5. you may find the Length of th 
Perpendicular DB to be 39 26', whoſe Conf. 
ment is 50? 34. which is the greateſt Latitult 


be 582 31, and EDB to be 112 29“: Now thek 
things being obtained, the Latitude by which 
the Arch paſſeth at every 1oth deg. of Longitul 
from A, may be found, by reſolving the ſeven 
 Reght-Aneled Triangles, viz. BDc, BDf, c. ſub 
ſtractipg 10 from ADB 58 31', there remains 
 BDec 482 31'; and fo for the reſt, as in the Tall. 
Now by knowing theſe Ales laſt found, aul 
the 3 BD e to be 39* 26, 
may, by Caſe 3. I 4. Chap: 5: 
tudes ofthe ſeveral Paints A, 4 f, g, 
to be as in the ſubſequent Table. 
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the Lizard, namely, the Ale DAE, may h 
found by Caſe 1. $5. Chap.5. to 
that is N. E. and 03? 48' Eaſterly. 


be 4.89 a 


3. And alſo, by the ſameC/e, may the yzf 
Poſition from the Lizard to the Summer-Iang 6 


(0) W, 


by which the Arch ABE pul 
ſeth ; ſo the greateſt 0þ 
liguity of the . Equine 
from that Circle is 500 34, 
— Thirdly, by Cafe 9. 4 
Chap. 5. you mult find th 
Vertical Angles, wiz. ADB, 
ill appear, the Angle ABU 


— fan] 


find the La. 


5, Thu! 
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- Thus having found the Latirudes and Lon- 63. 

des of the Ach, and the other required Parts 

fore · mention cz; we 5 

now come to ſhew, I Latitude. Longitude. | 4. 51. 

how the Courſe, and A 329 25 00® 7 *ob'Þ 

he Diſtance from [e 38 5110 co 

place 1 E 43 3420 90 

ling Mercator, Ig 46 54 30 oo | 
be found. So h 49 o4|4> oof 

11155 firſt the Cousſe [i 50 15 50 oo 

ind Dance Ac, now B 50 34660 0 

here is given the La-. E 50 8012 oof 

tude of A 327 „ 

nd of c 38 51', and their Difference of Lon- Fre. 51. 

tude is To? oo, now the-proper Difference 

Latitude is 6 260, or 386, and Meridional 

Difference of Latirude is 475. Now e 

heſe things by Prop. 2. § 2. Chap. 8. you 

ay find the Courſe from A to c to be N E. 

1* 38', and the Diſtance Ac to be 622“; and fo 

thoſe Rules proſecuted, will ſhew the Courſe 

nd Diſtance from c to f, from f to g, from g 

to h, Cc. So of the reſt, which for (Bk ſake 

Iſhall omit, and leave the Ingenious Seaman 

to calculate at his Pleaſure. > 

I might hereunto annex many more Propoſe 

tions of Circular-Sailing ; but becauſe of the 

ſmallneſs of this Treatiſe, and that thoſe Pro- 

þyitions already handled, being by the Inge- 

nous Seaman well underſtood, will be ſufficient 

to enable him to perform any other Conclufion 

in Circular- Sailing whatſoever, I therefore here 

omit, and haſten forwards unto the che 'Farts 

pt this 1 Treaſury.” . e 


A 14. 
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[ A TABLE of Angles, which eve 
| Rhumb maketh with the Meridian. 
| Theſe on this fide, | 1 1 on this fe. ſide 
| the WEST, en- Angles of Incli- EAST, & 
cline towards the | nition with the = unto the 
North-end of the | Meridian. North end of th 
r 5 Meridian. 
| Rhumbs, nr -Rhumbs.” 
| N. & by W. IIe 15 [N. & by E. 
N. N. W. +2. 30 N. N. E. 
| N. W. & by N. [33 45 N. E. & by N. 
| "North-Weſt | | 45 2 00 North-Eaſt 
| N.W.&by W. 56 15 N. E. & by 
W. N. W. 67 30 E. N. E. 
V. & by. N. 78 45 E. & by N. ; 
Vers r 90 oo EAST 
W. & by S. 78 45 E. & by 8. 
S. W. & by W. 56 15 S. E. & by E. 
South Wer [45 0 | South-Eaſt | 
S. W. & by 8. 33 45 |S. E. & by 8. 
8. 8. W. 22 30 [S. S. E. 
S. & by W. II 135 25 & by E. 
| Rhumbs. | SouT# KRhumbs. 
| Theſe on this fide | 1 I Theſe on this ſit 
the WES r, „ I tbe EAST, en 
eine unto the celine towards te 
| South end of the Bet I South. end of the 
_ Meridian.” a | | | Meridian, ___ 
| Note, That 1 you! account in We of Points. add E 
One Quarter 25 48“, for One Half 55 3, for Three 
| _ _w_ 1 260 * regarding the Seconds in Ne 
__ vigation on 


P 


__- 
* 
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| Of SURVYETING. 


T hath been a Cuſtom among Modern Au- 

thors that have treated on this Subject, 
that before they enter d on the Work 

ſelf, to give the Deſcription of the Inſtru- 
ents uſed in, and cluefly appertaining to the 
rt of SURVEYING, 12. the Circumperentor, 

e Theodolite, the Plain-Table, and the Semi- 
jrcle; concerning the Deſcriptions of which 
uments I ſhall not here treat, but refer you 
Into thoſe Authors that have largely and amply 
leſcribed them. I ſhall in this place only de- 
nonſtrate the Uſe of the Semi- circle, in taking 
he Plots of Encloſures, Champain-Plains, Woods 
nd Mountains, divers ways *; and alfo, in * Whic 
aking of Acceſſible and Inacceſſible Heights and _ FY | 
Diſtances : And alſo, I ſhall ſhew the Uſe of a 1% Plaine f 
little Inſtrument call'd a Protractor, in the de- Table, 1 | 
lineating on Paper the Plot of a Field, &c. which eſteem as 
Inſtrument being ſo commonly known, and fo wy 59 


generally uſed, makes me omit the Deſcription $1. 
hereof as perneuns. fir Sur- 


Sig EEE, roeying of | 
Land; i. e. the Plain. Table for ſmall Encloſures, and the Semi-circle for 
Champain Plains, Words and Mountains. 5 


As 


0 
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As for your Chain, I wou'd have you ty 

it made of good round Wyre ; to contain 
length four Poles or Perch, to be divided in 

an hundred equal Parts call'd Links. | 

And here, before we enter on the Work 

ſelf, it will be neceſſary to underſtand how, . 

the Protrafor, to lay down an Angle of 2 
quantity of degrees propounded, or to find d 
quantity of an Angle given. 


a. — IS — r RY ad þ I — 
2 — — 


JFF! 
e be Protractor. 


By the Protractor, 70 Protratt an Angle of i 


quantity of degrees propounded. 


$1. A N Awe may be laid down eafily, ace 

p ing to the Directions of Prop. 5. F 1. G. 
bdaut becauſe this is more uſeful in Survey, 
Eg. 52, Know, that if it be required to Protract an Ay 
of Fo deg. having drawn the line AB at ple 
fare. place the Centre of your Protrafor ont 

and moving it by your Protracbing-Pin, unti 
the MeridionaF-line thereof be directly on the 
line AB, then wake a Mark by the diviſion d 

509 on the /imb of the Protractor, as at D, al 

draw the line CD, fo ſhall the Age D CB ik 


an Axle of 50 degrees, 
; PR ON, 


* 
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PROP 5 
te Protractor given, to Meaſure an Angle given, 


This is performed by the line of Chords alſo, 

cording to Prop. 6. & 1. Chap. 4. and by the 

tractor is found thus: Suppoſe D CB were Eg. 52. 

n Angle whoſe quantity were deſired, to find 

hich, firſt the Centre of the Protraclor applied 

nto the Angular Point C, and its Meridional- 

mz lying juſtly with CB, you ſhall perceive. 

Point D to touch the limb of the Circle at 

2 deg.” Therefore T conclude the Meaſure of 

he Angle DCB to be 50 degrees. | „„ 
CCC 3 3 


8 — a 5 7 * 5 os We. 
8 Eee II. 


le manifold Uſe of the Semi. circle, in | 
taking the Plots of ſmall Encloſures, Plains, 


Woods or Mountains, divers Ways. 

0 70 take the Plot of a Field, by the Semi- 
"Wl circle, ar one Station taken in any part 
“beregf, from whence ll the Angles may be 
Len, and meaſuring! from the Station unto = 
wem Angle thereof, ' 10 5113 


— > Sod 
— 


Uppoſe ABCDEF were a Field, and tis 60 2. 
required to take the Plot thereof: Having 
laced marks at all the Angles thereof, and Eg. 53. 


2 


ade choice of your Station, which let be K; | 
„t which place your Inſtrument, and turning -- 
= „ 5 8 | 


40 15': Then meaſuring KA with our Cn 


each reſpective Angle; which finiſhed, yy 


Fg. 53. 


other Angles, as you find them in your Tal 


/ 
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it about until the Næedſe hang over the 5 
Jian or North and South line of the Chart, thy 


ſcrew it faſt: Then directing your ſight to! 
you'll find the Degree out, by the Index, t. 


it appears to be 5 Chains, and 20 Links, wy 
note down in your Fre/d-book And fo do 
all the reſt, untill you have found all the 
gles and Diſtances from your Station Kt 


Work will ftand thus : 


SR 


laws. DM CLI 

A [ii 5 [20] 

Li B | 88] 00 | 6 | Io | 
C 130 0©Q |. 5 50 10 
133 -- 200 oo F 7 Od | 
E 2500 O | 5 | oo. 
IF_izloo] 5] 20) Ml 
| PROP, II. 1 
How to delineate on Paper any Obſervation il: 
according to the Doctrine of the /aſt Propoſitui 
I q 1 „ 16% $308 AIST 7 
Upon your Paper draw a Line to repre 
the Meridian-line, as M, H ; then placing " | 
Centre of your Protractor on the Point K, WW" 
ing the Meridian-line of the Protraclor on i 
Meridian: line M, H; then ſeeing the A 
at A was 40% 15, make a mark againſt 401 
of the Protrafor, as at A, and ſo do with all tp"! 
: 


HER 
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hen remove your Protratfor, and draw the 
nes KA, KB, Cc. This done, lay down on 


ach line his reſpective Meaſure, as it appeareth 
1 the Table. Laſtly, Draw the Lines AB, 


>» %S 
* 


igure of the Feld. 


This Way will ſerve very well for any ſuch 
eld, Cloſe or. Common, from one Point in which 
o may ſee all the Angles; Provided that the 
dee, Bank, or whatever Fence it be, run ſtraight 


1 ſuch Caſe, this Way or Method is as good as 
ry, if there be not, too many Angles. 


PROP... 

Yo, by the Semi-carcle, to take the Plot of a 
from whence you may view all the other Angles, 
all the other Angles. 


Admit A, B, C, D, E, F, G, to be a Field, 
rhoſe Plot is required: Place your Semi- circle 


ang over the Meridian or North and South- 
Then direct. your Sights to the ſeveral An- 
les, viz. B, C, D, Cc. in order one after 


yith your Chain meaſure from your Stationary- 


andeth as in the following Table. 


C, ©c. So have you on the Paper the exact 


Field, at one Station, in any Angle thereof, 


by meaſur ino from the St ationary-Angle, 24,710 


ble G, to all the other reſpective Angles ; 
rhich done, you hay e finiſhed, and the Work : 


$93 
8 2, 


*treeen every Angle, and not waving in and out 


{ ; 
TY | 
Fig. 45: 


t G, and turning it about until the Needle 


ne of the Chart, and there ſcrew it faſt: 


te other, and fo ſhall each reſpective Angle 
e found, as in the ſubſequent Table : Then 


O Angles, | 
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Angles. | D | M | C11 | 
I  Fapleo | 5 | 66 
4G 88 00 600 
D 12015 | 6 40 
E 165 00:1 6 30 
FT io doo 3:5 40: 
IA 13481 07 | 4 0 
PROP. IV. 


How to delineate any Obſervation taken accordin 
10 the Doctrine of the laſt Propoſition. 


Upon your Paper draw a ſtraight line as MN, 
then take a Point therein as G, to repreſent 
the Stationary-Angle, to which Point apply th 
Centre of your Protraclor, (in all reſpedts as1 
before taught; ) then, according to the Notes i 
the Table, prick off all the Angles, vi z. B, C, C. 
according to their due quantity; then draw al 
the lines, biz. GB, GC, GD, c. and on then 
place their reſpective meaſure, (as appeareth i 
your Notes; ) laſtly, draw the lines AB, BG, 
CD, c. $0 is there on the Paper the erad 
Figure of the Field, as was required. 

This Method is ſeldom uſed in Surveying ay 
Field; becauſe we cannot ſtand juſt in the Corn, 
by reaſon of the branching out of the Hedges: 
but where tis bounded with Banks and Ditctts, 
this Way is very commodious end ſhort. 


PROP 
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PROP: V. 
How, by the Semi-circle, to take the Plot of a 
Field, at two Stations, by meaſuring from each 
Station to the viſible Angles ; the Field being 
ſo Irregular, that from no one Place thereof all 
the Angles can be ſeen. 5 


| Admit A, B, C, D, E, E, G, H, I, K, to be Fig. 55. 
the Figure of a Field, whoſe Plot is required : 

laving made choice of your two Stations, viz. 

and P, and placed Marks in all the Angles ; 

en place your Semi- circle at Q, and there 

ix it, with the Needle hanging over the Meri- 

lan of the Chart, repreſented by R, Q, X, and 

lire your Sights unto all the viſible Angles, 

2. A, B, C, D, E, and F, and note down the 

uantity of each Angle in your Fe/d-book : 

hen meaſtire with your Chain from your 

tation Q, to the Angles A, B, C, D, E and F; 

nd their Length fo found, note down in your 

eld-Book alſo. ard 5 
This done, direct your Sight unto your ſecond Fig: 53 


uten P, and note down in your Fe/d-book the 
u oeree of Declination, of your ſecond Station P, 
om the Meridian: Then meaſure the Sta- 
mar- Diſtance PQ with your Chain, and note 


down in your Fre/d-bogk allo. = 
Then remove the Inſtrument unto P, your 
econd Station, and there fix it, with the Needle. 
anging over the Meridian-line of the Chart, re- 
reſented by T PB; then direct your Sights to 
te ſeveral viſible Angles at this ſecond Station, 
. F, G, H, I and K, in order one after ano- 
her, and note down the quantity of each 


Q 2 Angle 
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$ 2. Angle in your Fie/d-book , then with your Ch; 

meaſure from your Station P, to theſe ſevery 

Angles G, H, I and K, (in all reſpects as at th 

Fuſt Station Q; ) and their Length fo found 

note down in your Fie/d-Book likewiſe: So har 

you finiſhed your Obſervation, and your Wal 
ſtandeth thus: c 


Ihe Obſervation taken at the Firſt Station C 


Fs 5% [awe DI MCI 
TA: 50 |: G 6 60 
JT. 
E [140] 12 | 12 | © 
FD: a EE 164 
E 270] 5 | 12 60 

e 


The Declination of the Station P, from th 
Meridian RQ, is 30% oo, and the Stat 
mary Diſtance QP is 9 Chains. 


— 


The Obſervation zaken at the Second Station J. 


Be $5, 41h Angles. D Mx L. 
F nn e 
ien 
H 1347] 16 29 
. so O. 6 
EK 20 0 6 26 | 
1 
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Nor, That the manner of taking the & 2. 
bt of a large Champain Field, at many Sta- 
ns, is almolt the ſame with this P. poſition 
che that can do the one, can alſo: perform 


e other : Therefore, for brevity-ſake, 1 here 
nit it, as ſuperfluous. 


PROP. VI. 


to to delineate any Obſervation taken according 
to the Doctrine of the Laft Propoſition. 


Upon your paper draw the Meridian line Fig. 55. 
V, then place the Centre of your Protractor 
0 (repreſenting your firſt Station,) and 
> Meridional-line lay equal to RQX, then 
bi off the Angles viſt ble: at your firſt Station Q, 
b 4, B C, D, E and F, of their due Quan- 

then draw OA, QB, Sc. laying on 
em their correſponding Meaſure, noted he 
ur Fie/d-book. Now becauſe your ſecond 
hen P doth decline 3059 oo from the Meri- 
RQ, prick off 30? oO, and drawP Q, 
1 it 9 Hains, as in your Freld-book ap- 
arcth, ſo doth P "repreſent your ſecond Sta- 
: Then in all reſpects as before Place your 
ratraftor at P your ſecond Station, and draw 

e Meridian TP B parallel to R Q X; then 
Tick off the ſeveral Argles, viz. F, +1 H, I 
id K, of their due Quantity, and then draw . 
F, PH, PI, Oc. of their due Length; laſtly, 
raw the lines AB, BC, CD, Cc. and ſo all : 
du have on your Paper the exact Figure of the — 
eld, as required. 9 
This Method is very proper to be uſed in Cham | 
Mn Fields, or in large Heaths or Commons. ” 


3 PROP. 


Fig. 56. 


enter, and yet of neceſſity the Plot ther 
muſt be had, for the obtaining of which, chu 


after another, obſerving their Degrees as is af 


| A, B, C. D, Oc. as at the firſt Station H, and 


(the full length of the Field, if poſſible ) th 
place your Inſtrument at H, and fixing it, as 
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PROP. VII. 


How by the Semi- circle to take the Plot of al. 
at two Stations, which lieth remote from yy 
when either by Oppoſition of Enemies you 1 
not, or by ſome other Impediment you cany 
come into the ſame. 


Amit the Figure A, B, C, D, E, F, to k. 
Field into which by no means you can poſlhh 


any two Stations, it mattereth not whether m 
at hand, or far off, ſo that all the Auge ny 
be ſeen : Let your two Stations be H and 


atore-ſhewed, direct your Sights to the ſever 
Angles of the Field,v:z. A, B, C, Ic. orderly as 


taught, noting it down in your Fe/d-book ; tha 
take up your Inſtrument, leaving a mark mit 
room at H, and meaſure with your Chain fron 
H unto L your ſecond Station, which note do 
in your Fe/d-book ; then placing your Inf 
ment at L your ſecond Station, and (as ih 
fore taught) fixing it there, make the lik 
Obſervation to the ſeveral Amngles, v 


note it down in your Fie!d-book alſo : Ani 
ying fo done, you have finiſhed, and yalt 
Work ſtandeth as in the following Tabl. 


2 
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ſervations at the Firſt I. Angles. 
Station H, are, | 


The Angle from H 

he firſt Station, unto 
the ſecond Station, is 
80? Ooh the òtationary- — 
ſtance HL is 60 2. Angles. 


Hans. 


tei Ot ꝰ 


ſervations at the Se- 
ond Station L, are, 


ti d 


PROP. VIL 
no to delineate any Obſervation taken according 
zo the Doctrine of the laſt Propoſition. 


_— =_ 
— 


nake equal to 60 Chains; then placing the 
entre of your Protrafor on H your firſt Sta- 
or, prick off all the Angles A, B, C, Cc. as 
you find them in your Held: boo, and draw 

A, HB, HC, Cc. at pleaſure ; then remove 
your Protrafor unto your ſecond Station L, 
lacing it as before, and prick off all the Angles 
bB, C, D,&c. as you find them in your Fie/d- 
notes, and draw the Lines LA, LB, LC, Cc. 
length, until they interſect the former Lines 
F 


pon your Paper draw a Line as H I., which | Fig. 56. 


Eig. 57. 


until you eſpy the Angle at D, and there fix i 


ment to B, and there make the like Obſervation 


Degree cut by your Index, in your Field boo, 


Field. boot, as afore; Then with your Chun 


0, Surveying. 


HA, HB, Oc. in the Points A,B, G 
which Points of Interſection are the Angles of 
the Fie/d ; laſtly, draw A B, BC, C D, Cc. 9 
{ſhall you have on your Paper the Figure g 


your Field required. 


PRO Ik 
How by the Semi- circle, to take the Plot of a gre 
Champain-Plain, Wood, or other over-grom 
Ground, by meaſuring round about the ſam, 
and making . Obſervation at every 4h 
thereof. „„ 
Admit A, B, C, D, be the Figure of a lay 
overgrown Champain-Ficld, whoſe Plot is 
quired : Firſt place your Inſtrument at A, lay 
the Index on the Diameter, and turn it about 


faſt, and direct your Sights to B, and note th 
(as afore is taught) then remove your Ife. 
and ſo to C, and D, noting it down in your 


meaſure the Sides AB, BC, CD and DA 
whoſe Length note down in your Freld-bok; 
and ſo you have finiſhed, and your Waß 
ſtandeth thus: | 


| Angles. D| M | cir} WM 


DAB 100 o | 12; 20 
ABC 117110 ©o| 
BCD | 71] 3o | 19 | 26 
7115 12 20 
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| OR. 


PROP. X. 
wo to delineate any Obſervation taken according 
to the Doctrine of the laſt Propoſition. * 


Upon your Paper draw the Line A B, at plea- Fig. 57. 
ure, and placing the Centre of your Protractor 
n the Point A, prick off an Angle of 1009, 
ind draw AD, ſetting on it, and alſo on AB, 
heir correſponding Meaſnre, in your Notes; 
hen on B protract an Angle of 117 15', draw 
B Cof its due length; then draw the Line CD: 
have you the exact Figure of the Feld on 
rour Paper. „% | 

This is the general, beſt, and ſureſt ay of 
Surveying, eſpecially of large Quantities of Land, 
obrch conſiſt of drvers Parcels ; "alſo, when we 1 
ke the Plot of a Lordſhip or Manour, we begin | 
jo take the Boundary or Out-line after this l 
lethod, obſerving (as we go round) the But- 
pings of the Hedges and Banks, alſo the Croſſings 
if Roads and Ditches, noting them down in the 
Field-Book, with their Diſtances from their laſt 
roper Angle: From which Notes and Obſerova- 
trons, the Principal Line, with the Buttings of 
the Fences or Droiſionary Lines of ſuch Lordſhip 
or Manour, are firſt delineated, in order to the | 
culting the Jame into its true and proper Divi- 


ſons. - | 
PRO P. II. 8 . | 
How to take the Plot of any Field, by the help of © | 
=. the Cham 8 = 5 
Admit the Figure A, B, C, D, E, to repreſent Fg. 58. 
u Field whoſe Plot is required: To obtain 
| os Which, 


2 ! 
— — . V . ON LIT . I re On carat St —-—-— —— ꝗ ́ãõm 2 — —— 


: 
o 
ö 4 
* 
4 
* 

4 
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§ 2. which, firſt meaſure the Sides CD, CB, and kl. | 


Fg. 58. 


Fig. 58. 


and then note down their Length in your Fiel 
Book Then meaſure the Sides BE, and F 


© In theTrian 
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and note their due Length down in your Fel 
Book, and then meaſure. the Sides CA, and B 


( for theSides BC and BD were before knom) 
which note down in your Fe/d-Book : Son 
your Held A, B, C, D, E, reduced into thre 
Triangles, viz. CBD, CAB, and BED, th 
Length of whoſe Sides are all known. Thy 
you have finiſhed, and the Work ſtands y 
you ſee : . Lp 


Sides. Ch. Lin. 


V 
2 CB 8 29 
BD 5 


ge CBD 


In a- 25 Fa 40 
6 


gle CAB BA. - 

a In the Trian- 5 ; gs 

ge BED id * x 
PROP. XII. 


How to delineate any Obſervation taken accord! 
to the Doftrine of the laſt Propoſition. 

Upon your Paper draw a ſtraight Line, 2s 
CD, make it 5 Chains, 75; ; take CB in your 
Compaſſes, and ſtrike an obſcure Arch; then 15 


| 
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BD, and with that extent in D crofs the for- 5 2. 
er Arch in B, and draw BC, and BD: Then 
ake in your Compaſſes BE, and on B ſtrike an Fg. 58. 
obſcure Arch; then take DE, and alſo croſs 
he former Arch in E, and draw BE, and ED: 
Laftly, take the Line CA, and on C ſtrike an 
obſcure Arch; then take AB, and on B inter- 
ſect the former Arch in A, then draw CA, and 
AB; ſo have you on your Paper the exact 
| = of the Field A, B, C, D, E, as was re- 
QUITE. : * + 
The beſt way of doing it, (as I find by 
practice) is thus: Draw an Eye- draught, as 
near the ſhape as you can, ſuppoſe AB EDC; 
then meaſure all the Sides, ſetting down each M0 
Meaſure upon its correſpondent Side ; This | 
done from any one Angle, as B, (from whence 
you may ſee all the reſt) meaſure Diagonale, — 
ſetting down upon them their proper Meaſure; | 
from which rough-Draught, as well as from the 
Field-Book-Notes, the Field, Court, Yard, 8c. 
may be Plotted. 5 

This Method is very exact and true, and v 
proper for a ſmall Encloſure, or for a Court, ard, 
Garden, or the like, where there are not many 
Augleg. 


e 

Of finding the Area or ſuperficial Content of 

any Field lying in any Regular or Irregular 
Form; by reducing the Irregular Fields into 
Regular Forms. _ i 
ur Aving already ſhewed how to take the & 3. 
7 LI Plot of any Field divers Ways, by the 
; i- 


& 3, Semicircle and Chain, and alſo by the Protraſa Ba 
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„he 


how to delineate the Draught thereof on bz pe 
per, Cc. I come now to ſhew how the Arent e 
ſuperficial Content of a Field may be attained, , 
how many Acres, Roods and Perches are then I! 
in contained. To which end, Know, That ; bin. 
Statute Pole or Perch contains 16 Feet; Thi 
40 of thoſe Perches in length, and 4 in breadt, 
makes an Acre : So that an Acre contains 16 
Perches, and a Rood 40 Perches, according toi” 
the Statute of 23d of Edw. J. all 
Now the Original of the Menſuration d 
Land, and all other Sperficies, depends on the 
Menſuration of certain Geometrical Figures; 2 
a Triangle, Square, &c. which may be meaſurel 
according to the Directions of & 2. Chap. 4. 0 
Geometry : It would therefore here be ſuper 
fluous to make a repetition of things already 
handled : I ſhall therefore omit it, and come 
to ſhew how any Field lying in any Irreguly 
Form, may be Meaſured by converting it into 
Regular Figures; for it ſeldom happeneth, but 
that the Plot of a Field is an Irregular Figure, 
conſiſting of three, four, five, or more Unequal 
Sides. 


If it be a Triangle, it is Meaſur'd by Chip. WM 

$2. Prop. 3. EE 

If it be a Four: ſided Irregular Figure, tis di- 

vided into two Triangles, as in Plate 4. Fig. 5% 
The Four-lided Irregular: Figure ABDC 1 
divided by the Diagonal AD, drawn from 


_ oppoſite Corners; then let fall two Perpendicu- MM. 
lars from B and C to the Baſe AD: This done, Wi! 
find the Area of the two Triangles ABD, ACD; . 
which may be done at once, (big.) by Mulnply 
| : in 
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\ the Sum of both the Perpendiculars by Half 83. | 
s Baſe, or the Whole Baſe by Half the Sum of 
perpendiculars. By which Rule, the Con- 

it of the Four-fided Figure or Trapegium 

BCD is found to be 630 Perches. 
If it be an Irregular Figure, tis Meaſured by 

bip. J. $ 2. Prop. 7. | bs x 


PR OP. I. 


I to reduce any Number Perches into Acres, 
and, on the contrary, Acres into Perches. 


To find how many Acres are contained in 

1m Number of Perches given, you muſt con- 

der that 160 Perches do make a Statute Acre; 

erefore if you Divide the Number of Perches 
ropounded, by 160, the Quotient is the Num- 

xr of Acres contained therein; and if there be 

Remainder which exceeds 40, then Divide 

t by 40, the Quotient ſhall be Rods, and the 

Kemainder Perches. Be 4. 

But, on the contrary, if it were required to 
nd how many Perches are contained in a cer- 
ain Number of Acres propounded ; you mult 
Multiply the Number of Acres by 160 ; the Pro- 
uct ſhall be the Perches contained therein. 


"PR Or 
o reduce Dimenſions taken in Chains and Links, 
into Acres, Roods and Perches. 
b | $4 


In regard we generally take our Dimenſions 
in Chains and Links, that is, by Gunter's Chain, 
(which contains 4 Pole, or 100 Links, as N 

78 N has 
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1248 Links ; the Long Perpendicular 8 Chan 


I take them out, and place them as followeth 
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has been noted) it will be neceſſary to ſh 
you how to Caſt up the Area of a Piece g 
Land, from Dimenſions taken in thoſe Dem 
minations. . 8 2 

Suppoſe the Foxr-/ided Figzre A B CDA 
Plate 4. Fig. 60. was Plotted, and the Lenpy 
of the Baſe DB, and two Perpendiculars droy 
from A and C to be as in the ſaid Figure, y 
followeth, vig. the Baſe 12 Chains, 48 Links,q 


46 Links, or 846 Links and the Leſs Perpyy 
dicular 3 Chains, 94 Links, or 394 Links : Tha 


846 Great Perpendicular. 
394 Leſs Perpendicular: 


1240 Gum of them: 
| | 620 Half Sum. 
1248 Baſe. 


x 
+4960 | 
2480 . 

1240 ) 
620 ? 
7-73760 Acres and Parts. * 
3 5 i 
2.95040 Roods and Parts. 1 
| 1 i 


38.016 00 Perches and Parts. 


— — 
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And here No E, That Gunter's Chain (as be- 
ore was hinted) contains 4 Statute Pole, or 100 
Links ; ſo that any Number of Chain is ſo many 
Wo Links ; as, 5 Chain is 500 Links, 7 Chain 18 
Foo Links, Ec. And further, you are to Obſerve, 
That 160 Square Statute Pole is an Acre, each 
Pole being 16 Foot and x. Now tis evident, In a 
C1uare Chain there is 16 Square Pole Divide 
Shcrefore 160 the Square Pole in an Acre, by 
6 the Square Pole in a Square Chain, the Quote 
5 10 the Square Chain in an Acre. But every 
Pyuare Chain contains Ioooo Square Links, (tor 
Ius 100 Multiply'd by 100) and canſequently 
En Acre 100000 Square Links. . 
| Hence the Reaſon of the foregoing Operation 
evident ; for the Half Sum of the Perpendi- 
ular is 620 Links, and the Baſe 1248 Links, 
onſequently the Product 773760 Square Links. 
Now becauſe Iooooo Square Links is an Acre, 
ticrefore I Divide 773760 by Iocoo0 Links + 
put to Divide by 100000, is no more than to cut 
re figures to the Right; ſo will the remaining 
feures on the Left be Acres, and thoſe cut off 
0 the Right 73760 Hundred thouſandth Parts 
pt an Acre. If theſe Parts be Multiply'd by 4, 
and from the Product five figures be again cut 
pit to the Right-hand, thoſe on the Lett ſhall 
Pe Roods, and thoſe on the Right Parts of a 
od. And if thoſe fo cut off be Multiply'd 
V 40, and from the Product five figures be cut 
off to the Right-hand, as before, thoſe on the 
Left are Poles, and thoſe on the Right Parts of 
a Pole. In the preceeding Operation, there is 
Acres, 2Roods, 38 Poles, and 1600 Hun- 
dred thouſandths of a Pole. 9 G- 
PROP. 
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_ the Square ; Yards or Square x Feet in a Squii 
Pole of the Statute Meaſure; the Product Drok 


Now divers Parts of England uſes a Poe x 


of 24 Foot long. And therefore, to turm c 


of the Cuſtomary Meaſure you would bring t 
Perches of that Cuſtomary Meaſure. 


4002 TE 660 Acres cao 
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PROP. IV. 

To reduce Statute Meaſure 10 Cuſtonay; 

contra. 


The Statute Pole or Perch is 16 f Foot lon 
18 Foot long ; others, one of 21 Foot ; and fon 
ſort of Meaſure into another, ſuppoſe Stat 
into Ciſtomary, do thus: Multiply any Nun 
of Acres, Roods or Perches Statute Meaſure þ 


by the Square + Tards, Square Feet 'n 4 Pit 


into; the Quotient gives you the Acres, Roodsn 


Ex AMP. I. Iz 786 Acres Statute Meaſur 
How many Acres of 18 Foot to the Perch? 


5 Nor x, In a Statute Pole there is 5 2 Tad 


that is 11 Half-Tords ; conſequently, in 2 


Square Statute Pole there is 121 Square Hil 
Tords ,, and 11 a Square Pole of 18 Foot there 
144 Square Halj-Yards. 


786 Acres Statute Meaſure. 
121 Squar 4 Lordo 1 il d Stat. P ole. 


820 
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7 
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so that the Cyſtomary Acres (at 18 Foot 6 3. fi 
o the Perch) in 786 Statute Acres, is 660, | 
and 1% of an Acre. This Overplus Multiply'd | 
DW 4, and the P E) oduct Divided by 1 44, gives | 
ode. And if the Remainder, after this Divi- 
on for Roods be Multiply'd by 40, and the 
1,4 Divided by 144, will give Perches; ſee 
he following Operation of the precedeing Re- 
nander e 


66 


SS 


” 44 )2 6 , (1 Rood. 


120 
2 5 
144) 4800 ( 3 3 Perches. 
480 


4 8 Remainder. 


So that 786 Acres Statute Meaſure, is 660 
cres, 1 Rood, 33 Perches Cuſtomary, with 
me ſmall Remainder over. OE” 

Nor E, If there had been any Rode or 
erches with the given Acres, then you muſt 
ave turn'd all into Perches ; and having Mul- 
ply'd and Divided as before directed, Divide 
he Quote by 160 ; or elſe by 40, and that 
Wote again by 4. 1 7 


P ExAME; 
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* Ex AM p. II. In 649 Acres Cuſtomary, , 
18 Foot to the Perch ; How many Acres 85 
tute Meaſure 7 ET 


649 Acres Cuſtomary. 
144 oh x Lords Cuſtom, Pole, 


2596 
2596 
649 
2 93456 (772 deres Stat. 
* 
286 


4 4 Remainder. 
1210176 (1 Rood. 

55 

40 
121 92 200 ( 18 Perches. 


E 22 Remainder. 


So that in as Acres Cuſtomary, at 1 Fodt 
to the Perch, there are 772 Acres, 1 


18 Perches Statute Meaſure. 1 
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The Reaſon of this Operation would be 


more evident, did we Multiply the Acres 
by 160 to bring them into Perches, and thoſe 
Perches by the Squre æ Tards in a Perch : For 
by this Way, we ſhould get the Square ;Tords 


in the given Number of Starute Acres ; 


and then it would only be Dividing by the 
Square 4 Tards in a Cuſtomary Perch, and fo 


get the Number of Cuſtomary Perches in the 
given Statute Acres; which being Divided by 
160, will give the Cuſtomary Acres required. 


But Multiplying by -160, and then Dividing 


tions omitted z therefore we only Multiply the 
Statute Acres by the Square Iards in a Statute 
Perch, and Divide the Product by the Square 
i Tards in a Cuſtomary Perch, the Quotient gives 
the Cuſtomary Acres in thoſe Statute Acres. 


Acres, contain 160 Square Perch; ſo that the 
Difference is only in the Bigneſs of the Perch. 


860 


SECT. IV. 
Altitudes, Diſtances, &c. 
Is PROP. I. 


Altitude. 


; A Pence AB be the Height of a Tower, which 
is required to be known. Firſt, placing 
| 


P-2 your 


again by the ſame, is needleſs ; becauſe the 
Quotient would be the ſame. were thoſe Opera- 


NoTE, That Cuſtomary, as well as Statute 


0f the Uſe of the Semi-circle, in taking 


How by the Semi-circle to take an Acceſſible 
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G6 4. your Semi-circle at D, (with the Arch down 
wards, and the two Shs fixed,) place it 
| | Horigontal *, and ſcrew it faſt: 
* Which 10 do, is 10 Then move your Inde X., till through 
more than thas; with a the Sights thereof you efpy the toy 
Thread and Plummer of the Tore, at B, and obſerve 
faſtened at the Centre of hat Degree the lower part of the 
re Semi-circle,. ſo that Ts E Moe wo 
it hath liberty io play, Lede cutteth, and that will be 
mme the Semi- circle til: equal unto the Angle at D 50 de, 
the Tiread playeth agai ſt Then Meaſure the Diſtance Da, 
$0 eg. then ſcrew it fit, which Tet be 299 Feet. Now the 
e ee Height of the Tower A B, is found, 
according to (h. 5. & 2. Prop. I. thus: 


Fg. 61. 'As Sc. V. at B 50 oc, 
1o Log er. DA 299 Feet; 
S915 S. V. at D 50% Oo, e 
I Lag. AB 356 r Peet, the Height of tle 
Tower required. 35 5 


J 
How by the Semi- circle 10 take an Inacceſſibl 
Altitude, at too Stations. b 


Let AB be a Tower whoſe Height is required; 
Having placed your Inſtrument at E, as befor, 
direct your Sights unto the Top of the Tower 
at B, and finding the Degree cut by the Ind: 
to be 23® 43', I ſay, it is the Quantity of the 
Angle at E. Now by reaſon of Water or uct: 
like Impediment, you can approach no neare 
the Bafe of the Tower than D; therefore Mes- 
ſure ED, which is found to be 512 Feet: 
Then at D make the like Obſervation, and th 
Angle at D appcareth to be 502 00 mw 
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mple ment is the Angle DBA 40? oO and the 8 4. 
onplement of the Angle E 239 42; is the Angle 
BA 66? 17' : Now if the * Angle at B be 
ſaken out of the greater, the Remainder is 26 
37, the Azgle EBD. Now, firſt, to find the 

1 BD x the Triangle EBD. ſay, according FI 
bo Chap. 5. $3- Prop. I. thus: 

A= S. of J. EBD 262 17”, Eig. 61. 
To Log. cr. ED 512 Feet; VV 
50 75 S. of V. at E 23” 7 © OBE 
| To Log. cr. BD 465 r Feet required. 


| Now to find the Height of the Tower AB, 
y, according to Chap. 5. y „ op. 2. thus : 


As Radius or S 90% ; 

Io Log. cr. DB 465 15 : Feet found _ 
Fo 18 S. of V. BDA 505 bo, 

| Ts Log. cr. BA 356 5 Feet; which is the 

Height of the Tower required, 


Nor E, That in taking any manner of A/t:- 
ude, the Height of your Inſtrument muſt be 
ded unto the Height found, and that will 
ive you the grue Altitude requ ired. | 


PROD. III. 


low by the Semi- circle to take an Inaccſ ble 
Diſtance, at two Stations. 


Admit A and B be the 7wo 8 3 
ther of which it is required to find the Diſtance 
to the Church at C: Placing your Inſtrument 
t B, the Index lying on the Diameter, and di- 
ect your Sights unto the Church at Cx faſten 
your Inſlrument, and turn your 5 jebts about, 
at] you ſee through your Sights your ſecond 
P. 3 S tation 
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§ 4. Station at A, fo will you find your Index to o 

30 oo, which is the Quantity of the An} 

ABC: Then Meaſure the Diſtance AB, whig 

is found to be 250 Tards ; then with your |; 

| ſtrument at A, make the like Obſervation x 

before, and you will find the Ang/e BAC n 

contain 50 oo'. Now by the Third Maximg 

Plain Triangles, Chap. 5. $ 1. you find alſo th 

Angle ACB to be 100? oo'. Now to findth 

Diſtance AC and BC, you may, by their q 

poſite Proportion, according to Chap. 5. \1 

Prop. 1. find the Diſtance of AC, thus: 

Fe. 62. of C 100% o 
VVV AD 2350 eds; 


= —ͤUU9VUnꝛ7H— — re rr —E—ͤ—y— — — - — eres... : 
s * 


So 55 S. of V. B 30? oo, SD 
To Log. cr. AC 127 Tards : Which is i 
Diſtance of the Church from A. 


Now to find the Diſtance BC, ſay, 
As S. of V. at A 100? oo, 
To Log. cr. AB 250 Yards, © 
So is S. of V. at A 50% oof, 
To Lag. cr. BC 19454 Tards : Which is! 
Diſtance of the Station B from the Chxrch atC 


5 PROP. IV. 
How to find the Horizontal-Line of any. Hil 
Mountain, by the Semi circle. 
Let Fig. 63 be a Mountain, whoſe Horizon 
Line AB is required to be found: To i 
which, place your Iſtrument at A; and u 
ving cauſed a Mark to be placed on the Top! 

| the Mountain at C, (of the juſt Height of yl 
| tnfirament) then move your Indix ut 


throvg 


8 — - 


—— —2 — 


44 


10 


2 


— DD x 2 — 


8 


! : * „ * 
3ꝙ3 ww «%: 32 
5 . 
4 
% - " 


--j 


4⁵⁰ 25 —ä— — 


W W cy. 80 


bug... ww» >a —_ ww n= 4< 
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through the Sights thereof you eſpy the Mark | 


at C, ſo will you find the Quantity of the 
Age CAD to be 50% oof, and by conſequence 
the Angle ACD to be 40 oo“; then Meaſure 
up the Hill AC, which is 346 Yards. Now ha- 


ving obtained theſe ſeveral things, *tis required 
to find the Length of AD part of AB 1 


find which, lay, 


As Radius or S. go?, NV Htg. 63; 


To Log. cr. AC 346 Feet; 
So 1s Sc. of J. at A 50 co), 
To Log. cr. AD 222 x3 Feet , 


Now ſeeing the Hill or Mountain deſcendeth 
on the other ſide, you muſt place your Inſtr u- 


nent at C, and direct your Si2hts unto the 
Bottom at B, and the Augle D CB will be found 
50 oo, and the Angle CBD 40 oo“: Then 
Meaſuring down the Mountain as CB, it ap- 


peareth to be 415 Feet ; then have you the 42- 


ges DCB, and CBD. 

Io find DB, part of AB, ſay, 
- As Radi or 8. %% 

To Log. cr. CB 415 Feet ; 

So 15 8. of J. BCD 502 oc, 


To Log. cr. DB 318 Feet. Now AD 222 £2 
feet added thereunto, produceth AB 540 x5 Feet, 


which is the Horizontal- Line required of the 
Mountain ACBD. 3 5 

> NorTE, That when you come to deli- 
neate a Field wherein are Hille, you mult pro- 


tract the Line AB, inſtead of the Hypothenuſal- 


Lines AC, and CB; and 'twill be neceſlary to 


diſtinguiſh thoſe kind of Fields, by Shadowing 


them off with Hills and Dales, 


P 4 SECT, 


Fig 63. 


d 5. 


Flow to find whether Water may be conveyed 


hath a ſpecial reſpe& unto Meaſuring ; and 


this Place, and enroll it under the Title of 
_DURVEYING. 


of a VVater-Level; the - Conſtruction and 
conveyed in Pipes, &c. to any Place aſſigned: 


Yards diſtance from the Spring-Head, in a right: 


is to be conveyed, place your Water-Level, be. 


after the uſual manner: Cauſe your firſt Af. 


Water is to be cotveyed, as your Water-Level is 
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SECT: V. 


from a Spring-Head, unto any appointed 
Place. e 8 


HE Art of conveying of Water from 3 
Spring-Head unto any appointed Place 


therefore I think it not amiſs to inſert it in 


In the Performance of which, we make Uk; 


Making whereof is ſufficiently known to thoſe 
who make Mathematical Inſtruments. Now if it 
were required to find whether Water may be 


To perform which, obſerve theſe Rules. 
Firſt, At ſome jo, 20, 30, 40, 60, or 100 


line towards the Place unto which your Water 


ing prepared of two Station-Staffs with move 
able Vanes on each of them, graduated allo 


ſtant to ſet up one of them at the Spring-Head, 
Perpendicular unto the Horizon; and your /c- 
cond Aſſiſtant to erect another, as far from your 
Mater- Level towards the Place to which the 


diſtant from the Spring-Head. Now the Station. 

Staffs in this order erected, and your Mater: 

Level placed preciſely Horizontal, go unto 5 
5 { en 
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d of the Level, and looking through the 
ights, cauſe your firſt Aſſiſtant to move a Leaf 
; Paper up or down your $8rar0n-Staff, until 


hrough the Sights you eſpy the very edge there- 
„ and then by ſome known /n or ſound, inti- 


i true Poſition; then let the firſt A/iſtant note 
gainſt what Number of Feet, Inches, and Parts 
t an Inch the edge of the Paper reſteth ; 
hich he muſt note down in a Paper. Then 
our Vater-Level remaining immoveable, go to 
te other end thereof, and looking through the 
chte towards your other $79710n-Staff, cauſe 


Jong the Szaff, till you ſee the very edge 
bereof through the Szghts, and then cauſe him, 
y ſome known /n or ſound, to take notice 


Ppzr ; which let him keep, as your firſt A.- 
Lunt did. e 5 | . 3 | 
This done, let your fir/t Afiſtant bring his 


ary it forwards towards the Place unto which 


br 1c0 Yards. and there to erect it Perpendicular, 
s before, letting your ſecond Afſiſtant's Staff 
tand immoveable, and your firſt Affſtant to 
ſtand by it: Then in the Midway between 
your two Affſtants place your Water-Level 


Pehte thereof, cauſe your firſt Aſſiſtant, and 


alter that your ſecond, to make their ſeveral 
Obſervations in all reſpects as before. 


nl 


nate to your A/ſſtant that the Paper is then in 


jour ſecond Aſſiſtant to move a Leaf of Paper 


rhat number of Feet, &c. are cut by the ſaid 


1ation-Staff from the Spring-Head, and cauſe 
Four /econd Afſiſtant to take that Szaff, and 


he Water is to be convey<d, ſome 30, 40, 60, 


actly Horizontal, and looking through the 
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them obſerve this manner of Work preciſch, 


ſtants together, and cauſing them to give in thy 
Notes of Obſervation at each Station; which ad 


ſecond Alſiſtant exceed the Notes of the if 
A ſiſtant, take the leſſer out of the greater, u 


PR 
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In this manner you muſt go along from il 
Spring-Head, to the Place unto which you wor! 
have the Water conveyed; and if there be ne 
ſo-many ſeveral Stations, you muſt in allo 


So that by comparing the Notes of your tu 
Aſſiſtants together, you may eaſily know yh 
ther the Hater may be conveyed from vi! 
Spring-Head, or not, by calling your two 4; 


together ſeverally : Then if the Notes of ft 


the Remainder will ſhew you how much & 
appointed Place, to which the Water is to h 
conveyed, is Lower than the Spring-Head. 


2» —2˙˖ 


1 


| 0 : 
| The fr ft I/hſtant's The ſecond Afifunt l 
| NorEs. | | Nor ESV. x 
| Rn. „ 27 T 
station. Feet. Inch Parts. | Station.] Feet. [Inch.| Pu, 
D 
„„ +41+ 4 2 144 O25 
3 . | 3 3 T8 I 
unn. | J 18 J 10} «79 1 | Sum | 21 245 0 


By theſe two Tables you may perceive, til ; 
the Notes of the firſt Alſiſtant, collected at U f 
ſeveral Stations, being added together, amoi 

unto 18 Feet, 10 Inches, and s or 3 of an lud © 
and the Notes of your ſecond Affiſtant, colles : 


Of Surveying. 
It his ſeveral Stations, amounts unto 21 Fet, 
liches: So that the Number of the firſt Afr 
W's Obſervations being taken from the ſe- 
Ed's, there will remain 2 Fect, 3 Inches, and 


—rC__eOeCA£=--— 


Into which the Vater is to be brought, Lower 


er-Level) and therefore the Vater may 
caſily be conveyed thither. And here Obſerve 
ee Note? TS I 
I. In your Paſſage between the Spring- 
ſead and the appointed Place, from Station to 
Kation, you mult obſerve this Order; That 
your firſt Aſſiſtant, at every Station, mult ſtand 
between the Spring-Head and your Vater-Level, 
otherwiſe great Errors will enſue. e 


2. That if the Notes of your firſt A ſſiſtant 


ll. 5. . £3 


==” So x HE © — 


Vor z of an Inch: And ſo much is the Place 
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Than the Spring-Head, (according to the ſleight 


aceed the Notes of the ſecond Aſſiſtant, then 


tis impoſſible to bring the Vater from that 


their Notes are equal, it may be done, if the 


Diſtance be but ſhort. 
g. That the moſt approved Authors con- 


Miles end there ought to be allowed 4 Inches 
more than the Szraght-Level, for the Current 
of the Water. So 

4. That if there be any Mountains lying 
inthe Way betwixt the Spring-Head and the Place 
to which the Water 1s to be conveyed, you muſt 


in which you muſt lay your Pipes equal with 
tie ſtraigbt Water-Level, with the former Allow- 
ance : And in caſe there be a Valley, you muſt 
then make a Trunk of ſtrong Wood, well under. 

aa propt 


Spring-Head unto the appointed Place : But if 


cerning this Particular, do averr, That at every 


then cut a Trench by the 1ide of the Mountain, 
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propt with ſtrong Pieces of Timber, wa 
Pitcht or Leaded, (as is done in divers Play 
between Ware and London. ) 

J. That when the Spring will have to 
violent a Current, you mult then convey you 
Water to the Place aſſign'd, by a Crooked © 
Winding-Line ; and you alſo ought to lay the 
Pipes, the one up, and the other down, tlut 


thereby the Violence of the Current may h 
ſtopt. . 


= a — — 


— A... 


CHAP. X. 
Of MEASURING, 


Of Board, Glaſs, Tiling, Paving, Timbe, 
Stone, and Irregular Solids, ſuch as Geo- 
metry can give no Rule for the Meaſuring 
thereof. EE 


SECT. L 


Of the Meaſuring of Board, Gliſs, Paving, 


Tiling, &c. 


8 x. 1 Have already, in the 4th Chapter of this 


Book, and the 2d Sefion thereof, apply d 
Geometry to the finding out of the Super- 


Fcial Content of all Regular Superficies. I have 


alſo in the 9th Chapter, and the 3d Seffior 


ſththereol, 
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xeof, ſhewed how the Superficial Content of * i 
W Irregular Superficies may be found, by re 
ucing them into Regular Forme; which I have 


xplained amply in that Seton, 1 ſhall there- 
re here be as plain and brief as 1s poſible. 


„ = 09 p. 1 
0 Mea ure a Piece of Board, Plank, Gloſs. &c. 


In Meaſuring of Board, Glaſs, &e. Carpenters 
Ind other Mechanicks Meaſure by the Fot, 
2 Inches unto the Foot; ſo that a Foot of Board, 
Glaſs, contains 144. 5 quare Inches. 

Now if a Piece of Board, Plank, or Glaſs, 5. 
required to be Meaſured, let it be either a 
rallelogram, or Tapering Piece: Firſt, by the 
ules aforegoing, find the Content ee in 

ches, and that Product Divide by 144; the 


Worent is the Content of that 8 . 
wer, + 


N 0 P. II. 
o Meaſure Tiling, Flooring, Roofing, and Parti- 


t10n1ng-works. 


In Tiling, Flooring, Roofing, and Partitioning- 

pork, Carpenters and other Workmen reckon 
Y - the Square, which is 10 Feet every way; 
J that a Square containeth 100 Feet. 


ExXAMP. There is 4 Roof 14 Feet Broad; 
What Length thereof ſhall make a Square? 

Divide 100 by 14, it yields 7 5 Feet. 

Now if you have any Number of Fee: given, 


nd the Nu mber of Squares therein contamn'd 
WW 


TY 
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J Meaſure Paving, Plaſtering, Wainiſeatin 


Painting-work, Mechanicks reckon by the ſy 


Feet. 


Divide by 9, the Quotient is the Number 


To find how many Inches in Length will nu | 


Square Inches : Divide therefore 144. by 3, ti 


144 by any given Breadth, you get theLengt 


Breadth, the Product will be 144 the Squirt 


Of Meaſurmg. 
are required; Divide that Number by 1 
the Product is Squares. Fug 


PR OP. III. 


and Painting-work. 


In Paving, Plaiſtering, Wainſcotting wy 
Square ; ſo each Tard is equal unto 9 Sun 


By the Rules aforegoing, find the Sperſal 
Content of the Court, Alley, &c. in Feet ; hid 


Tards in that Work contained. 
PR O p. . 


* 


Square Foot. 


 ExAMP. Suppoſe a Piece of Board or Plat 
be 3 Inches Broad; How much in Length u 
make a Foot Square ? 


| Conſider that in a Square Foot there are 14 


0 
VI 


Quote is 48; which ſhews, that a Piece of Buol 

3 Inches Broad, requires 48 Inches, or 4 Fort 

Length, to make a Foot Square. 
Whence tis manifeſt, that if you Dir 


that will make a Foo? Square of that Breadt 
The reaſon is clear; for if you Multiply tit 
Diviſor and Quote, that is, the Length aul 


Inches in a Square Foot. 


And 


Of Meaſuring. 


ABLE of Board Meaſure ; which ſhews, upon 
ny Breadth, how much 1 in — will make 
Foot OY. 


nnn... 
mr—— c 1 


a TABLE of Board Meaſure. 


12 LIII AI 1 
ET [12 6 4 e 3 
ih ololo 2.14 \ 851 6 | 


From this TABLE it appears, that if a 
iece of Board be an Inch Broad, twill require 
2 Foot in Length to make a Foot Square : It 


ot Square : If 8 Inches Broad, I Foot 6 Inches 
vill make a Foot Square. 


. 575 


Irregular Solids. 


tains 144 Square Inches; but in Solid Meaſure, 
a Ivot contains 1728 Cubick Inches. Now 


and the 3d Section thereof, largely apply d 
eometry unto the Meaſuring of all Regular 
voids; I ſhall therefort in this Place be as 


Inches Broad, 6 Foot in Length will make a 


bf the Meaſuring of Timber, Stone, at 


INS aper ficial Meaſure, a Superficial Foot con- 


baving already, in the 4th Chapter of this Bavk, 


223 


And after this manner is the TA RLE upon 9 1. 
he Common Two-Foot Rules made, call'd the 


brief as at ny I ſhall be ſomewhat : 
| larger 


224 
C2, 


- which is of ſpecial] Moment in ſundry Parts 
the Mathematica! Praclices. 


Of Meaſuring. 


larger in the Menſuration of Irregular Sol 


„„ b-: 

How to Meaſure any kind of Timber, or St 
whether Lhree-ſquare, Four-ſquare, Man 
Square, Round, or of any other faſhion, jy 
vided it be ſtraight and equal all along. 


To perform which, firſt, by the Rules afor 
going in Chap. 4. & 2. get the Superficial Conten 
at the End, and then ſay, | 
As 144, the Inches of the Superficial Conty 

of the End of a Cubick Foot, 
To a Cubick Foot containing 1000 Parts; 
So 1s the Superficial Content of the End of an 
Piece of Timber, e 
To the Solid Content of One Foot Length d 
the ſaid Piece of Timber. | 


According to which, Mr. Philips calculate 
the enſuing Ta BL E, which I have thought ft 


hereunto to annex. 


CAs E II. Or the Solid Content in Feet, & 
may be found otherwiſe, thus: 
By the Rules aforegoing, find the Content df 


the End of the Piece of Timber in Inches, which 
Content Multiply by the Length of the fai 
Piece of Timber or Stone in Inches, and that 
Produtt Divide by 1728, it produceth the Sli 
Content of that Piece of Timber or Stone, i 
Feet, and Parts of a Foot. 85 


1 


e. 


A Th 


[ 


4 Wiafure the Stick as i were not H. 


Of Meaſuring. 


* 


8 


3 


— 


[a TABLE, ſhewing the Solid Content 


of One Foot-length of any Piece of Tim- 


at the End thereof. 


3 


ber, according to the Superficial Content 


* = 


5 
8 7 200 1 398 
. 14 300 1 
3 0 21 40 31 
44 o eee 472} 
o / Þ-4 $97-F- 
8 E % 790 ‚‚ A 
E Fe 491 § .... 395-4 
8 8 oO 56 | & 929 6 250 
E 9 o 62 8 1000 | 6 944 
So % 69 | © 2000 | 13 888 
220 | © 139 4 3000 | 20 833 | 
> 30 | 5 208 [S 4000] 27 778 
$40 | o 278 | 25000 | 34 722 | 
30 o 347 | S 6000 | 41 666 | 
. ↄ T 
70- | % h 
e 0 9000 | 62 500 
oo | © 625 | Icooo'| 69 444 | 
100 | © 694 | 2cooo | 138 888 


PROP. II. 


any other Hollow Body. 


lo Meaſure Round Timber which is Hollow, or 


If Hollow Timber be to be Meaſured, firſt 
ollow, 
then 


92. 


, then find the Slidity of the Concavity as thou 


of Cones, or Pyramids : Now the Way to Meaſure 
ſuch Bodies, is demonſtrated in Chap. 4. 53 
Prop. 4, and 5. But now to find the Content of 
_ theſe Segments, do thus: Meafure the So/:d:1y dt 


found, the Remainder is the Content of thy 
Hollow Body. = 1 


Content of the Top-part thereof cut off, (asif 


be the Content of the Segment required: which 
reduced into Feet, gives the Solid Content af 


How to find the Solid Content of any Solid Boch, 


Ih heſe ſtrange Forms, are either Branches in 
Metal, Crowns, Cups, Bowles, Pots, Screws, 0 


Of Meaſurmg. 


it were Maſſie Timber; then Subſtract this HA 
found Content out of the whole Content befor 


PROP. W 
To Meaſure Tapering Timber, or Stone. 
Thoſe Tapering Bodies are either Segment 


the whole Cone, or Pyramid, and then find the 


it were a Cone or Pyramid of it ſelf) and th 
Content thereof Deduct from the Content of the 
whole Cone, or Pyramid; ſo ſhall the Remainder 


that Piece of '[7mber in feet. Now to find 
the Length of the Top-part cut off, from the 
Cone, or Pyramid, ſay, Fo 
As the Difference of the Breadth of the to End, 
To the Length berween them; 
So 1s the Breadth of the greater End, 
Jo the whole Length of the Cone, or Pyramid, 


"PROP. , 


in any ſtrange form, ſuch as Geometry cat 
grove no Rule for the Meaſuring thereof. 


Twi 


of 


/ Meaſuring. 

[Twiſted Balliſters *, or any other 

regular Solid, that keep not in * Whoſe Surface is 

ickneſs one quantity, but are #unded by 4 Line calld 

hicker in one place than in ano- 555 TIO) 4 Helicoides 3 
„ y alſo be call d 

ber, ſo that no Man, by Geo- 4 felix, a Twiſt of 

y, can poſſibly Meaſure their Wreath, & 

1/11 „ ; . 

Now for the finding the Content of any ſuch- 

ke Irregular Body in Inches or Feet, do thus: 

zuſe to be made a Hollow Cube, or Parallelo- 

wedorn, To that you may Meaſure it with an 

1cþ-Rule without difficulty; and fo to know the | 

me Content of the Whole, or any Part thereof, at 

leaſure, within the Concavity : Then take ſome 

ther convenient Veſſel, and put pure Spring- 

Vater therein; then having fill'd the Veſſel to 

known Meaſure, make a Mark preciſely 

bund the very Edge of the Water, then take 


4 WW: $o/id Body and put it therein; then take out 
of Ws much of the Water as (by means of the 
uch put therein) is ariſen above the Mark, 
til the Water do juſtly touch at the Mark 


gain: Then put the Water taken forth into the 

ollow Cube, and find the Solid Content thereof 

being transform'd into a Cub:ck Body) in Feet, 

nches, and Parts of an Inch : Which Content 

$the juſt Solidity of the Body put into the Water. 

Archimedes, by this Propoſition, found the 

eceit of the Crown of Gold, which Gelo the 

on of Hiero had vowed unto his Gods; now 

e Workmen had mixed Silver with the Gold; 

 Wbich Theft was diſcovered by the great Skill * See Pro- 
of Archimedes x.) And herein you muſt be * 2. 
Fry curious not to ſpill any of the Water, or Vitruvius, 

ake out of the Veſts, or put into the Hollow l. 9. c. 3. 

2 8 


above the Mark; for if you do, it will pro 
duce infinite Errors: And thus may the Solidry 


"Th find how much in Length of any Square Pier 


| How much in Length will make a Foot Solid? 


Divide therefore 1728 by 64, the Quote is u 
Inches, that is 2 Foot, 3 Inches, the Length th 


Ihe Area 7s 36 ) How much in Length will nul 
a Foot Solid. „ 


ply'd into. the Thic&neſs, is the Divi/or ; all 
Length, will make 1728 the Inches in Ont 


And thus is the Table of Timber Meaſurt 
put on the Common Tio-foot Rules, 1. 8 


Of Meaſuring. 


Cube, any more than the juſt quantity arilet 


of any Irregular Body be found. 
PROP. v. 


oill make a Foot Solid. 
Ex AM P. I. A Piece of Timber is 8 Ind 
Square, ( conſequently the Area is 64 Licher 


Remember, in a Solid Foot are 17 28 Solid Indy; 


will make a Foot Solid upon 8 Inches Square. 
It the Piece be not exactly Square, the thn 
dns not; for the Area of the Oblong multh 
ound, 


Ex At p. II. A Piece of Timber is 9 liche 
one way, and 4 Inches the other, (conſequent 


Here, as before, I Divide 1728 by 26, tl 
Quote is 48 Inches, that is 4 Foot, the Length 
that will make a Foot Solid. 

The Reaſon is plain; for the Breadth Mult 
that Multiply'd by the Quote, which is the 


Solid // o 


4 * 
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nich ſhews how much in Length any exact 8 2. 
% Piece will make a Foot Solid. 


- dm 


A TAB LE of Timber Meaſure, ” 


F 1 
oe [144135 [261 915 1 
Inch. o | © olo 925 22191 2 
he 3 | ; je 1 
he Uſe of this TABLE is thus: If a 


ece of Timber be 8 Inches Square, it ſhews_. 
du, that 2 Foot 3 Inches in Length will make 
Foot Solid If it be 9 Inches, then you will 
d that 1 Foot 9 Inches 3 of an Inch in Length 
ill make a Solid Foot. 15 


CHAP. Xl. 
Of GAUGING. 


NGAU GIN, there are Two things 
chiefly neceſſary to be noted, yet both 
coontroverted. Iſt. That ſeeing all manner 
ee made to hold Liquor in, are for the 
olt part the Trunk of a Spheroid, cut off with 
0 Circles, at Rightang'/es with the Baſe, an. 
erefore Irregular ; Therefore they nit 
reduced into a n — 
3 4 


n o = - 
—— * 


And the 2d thing neceſſary to be noted, i 
Gallon, in Cubick-Inches or Parts of a h 


in Gallons, may be known. 


Of Gauging any Beer, Ale, or Wine Cut 


Io find the Solid Content in Inches, of any Cal 
7. J Shall follow Mr. Oughtred's Method, wii 


their Circles; which done, then take I 
thirds of the Area of the Burg, and One tl 


| Thall be the Mean Area of the Cask ; whi 
 Multiply'd into the Length of the Veſſt,1 
will ſhew how many Solid Inches are containe 
therein. | 


of aleſſel be 18, and at the Bung 32, all 


- Cubick Inches, for the whole Content of 
pack 10 OO OR 


/ Gaugig. 


find the true Quantity of an Ale, or in 
that thereby the Content of the Veſſe! or (i 


SHCT-L 


alſo any manner of Brewers Tuns. 


is; Take the Diameter of the Cask both; 
Head and Bung, by which find the Arez' 


of the Area at the Head; which added topethe 


EX AM. Suppoſe the Diameter at the H 


Length ie 40 Inches. | 
Now I find the Aggregate of the two Cru 
to be 620 and 989 Cubick Inches; which M 
tiply'd by 40 the Length, produceth 24839 


PRO 


* * 
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L 3 PROP. II. 3 
10 ID find the Content of a Veſſel, in [Wine or Ale- 


gallons. 


The [/ine-Gallon 18 eſtabliſh'd by the Conſent 

H Artiſte, 1 and other Nations, to con- 

uin 231 Cupick Inches *; let | ; 
tr. IVybard affirms it to be ſome- 3 2 of che Girctes of 
chat leſs, to wit, 225 at moſt. proportion, pag. 57 and 
The A/e-Gallon contains 282 ( Mr, Edm, Gunter #n his 
ck Inches, according to the Bk of the Cros Stuff, 
ſtablihment of Exciſe. Herein V 21. Cb. 4. 
Urtiſts differ ſomewhat in their Experiments. 
Now having already ſhewed how to find the 
ontent in Inches of any Cask, I now come to 

ew how to find the Content in Gallons, ' of 

any Beer, Ale, or Wine-Cask, which is thus: 

Divide the Number of Inches given by 231 

br Wine Meaſure, and 282 for Ale Meaſure. 

In the former Example J find the ſaid Ca to 

ontain 107, 53 Wine-Gallons, and 88, 8, Cc. 

Palons in Ale Meaſure.  - © 


(1g 


(a1 


How to Gauge or Meaſure Breuer Tuns, &c. 


| Thoſe Tuns are moſt commonly Segments of 

Cones or Pyramid, whoſe Baſis is either a Square 
Parallelogram, Circle, or Oval ; To Meaſure 

which, let their Form be what it will, you muſt 
do thus: By the former Rules of Meaſuring fuch a 
Segments or Bodies, you muſt find their Solid 
Content in Cubick Inches, (as in Chap. 10. $2. 

Prop, 3.) which Content Divide by 282 Inches 


232 
„1. (the Inches in One Gallon) it ſheweth the Cy 


. Gauging or Meaſuring, and the Mouldin i 


d 2, 


To Gauge a Ship, thereby to find how many Tun 


take in. 


the out ſide, to her light mark as ſhe ſwims be. 
ing unladen, you ſhall have the Content of thy 
Eunpty Ship. 
the hyht mark, to her Job draught of Water be 


Ships; Meaſure the Length of the Keel, the 


Of Gauging. + 


5 


tent in Gallons ; and Dividing the Gallons by 
26 (the Number of Gallons in a Barrel) i 
ſhews the Content in Barrels, | 


— * — * — * — 


SECT. It, 


your 
mo Te? ab 1 


her Burthen is. 
NM the Gayging or Meaſuring of Shjy, 
Naupegers. (or S$hip-wrights ) obſerve tles 
Three particular Rules: 1/t. That if you 
Meaſure the Ship within, you ſhall find th 
Content, or the Burthen the Ship will hold cr 
2dly. If the Ship be Meaſured on 


3d!ly. But if you Meaſure from 


ing Jaden, you ſhall 
the Ship." . = as 
Now to find the Content of the Queen's Repu 


ave the true Burt hen cf 


Breadth of the Mid. ſbip Beam, and the Depth of 
the Hold: Which three Multiply into one ano. 
ther, and Divide their Produ by 100 ; ſo ſhall 
you find how many Tung her Burthen is. 
But for Merchants Ships, which give no Al 
lowance for Ordnence, Maſts, hls, CN 
1 3 Anchors, 


4 


Of Gauging. 233 
Inchor's, &c. which are all a Burt hen, but no 8 2. 


nnd, you muſt Divide the Product by 95, 


8 | 
© {hall their true Burthen be found. 


i 
PROP, Ih. - 

Wy noxcing the Meaſure of a Ship of one Burt hen, 
| zo make another Ship of the ſame Mould, which 


ſhall be double, or triple, or in any Proportion, 
either more or leſs than the ſaid Ship. 


| Firſt, you ſhall Multiply the Kee/ Cubically, 
End in like manner every Beam; the Mid-/hip 
Pens, Maltiply them Cubically ; and alto the 
Wicking; of the Ship, both at Stem and Stem- 
Pot, Multiply them Cubically; likewiſe the 
rmcipal Timbers, that doth mould the Ship, 
Multiply them Cubically; and the Depth of 
She Hold, Multiply it Cabically; and fo conſe- 
Fuently every Place, or Places, which doth 
lead any Work, Multiply them Cabically: Then 
fit be required to have a Ship as big again, 
or thrice as big, double or triple each reſpective 
ubical Number : Then by Chap, 1. § 1. Prop. . 
for by Chap. 2. $2. Prop. 4. find the Crube-Roors 
thereunto belonging: Then according unro 
theſe reſpective Numbers make your Keel, 
your Tinbers, Beams, Nc. Which being fone, 
you ſhall make a Ship of the Dowd and Propore 
he on deſir d. 5 | 

ot Wl The Demonſtration of this laſt Pr 2poſerion de- 
10- Wpends upon the 33d Prop. of 17 of !uclid. wine 
all i tis prov'd, That all Similar Solide ar- in Triplicate 
Wikio to that of their Homola; o Ser; that is, 
* they are to each other as the (Cee of their 
nnn 85 | 


5 CHAD, 


7 


{ 


' 


CHAP. III. 
e 


LIOSOoTOo GOGO NA RIA, vr the | 
of DTALLIN G, 7s an Art Mat hen 


woo n= cal, which demonſtrateth the precſ 
Diſtinfion of Times, by the Sun, Moon and Stu 
_ . whereby the Time of the Day 


_ a ** Dy Aer 5% the Demonſtrative Delineati 
J . . . : 
Dial: This Art requireth good Of Dials, conſiſteth chiefly i 


skiÞ in Geometry and Aſtro- the finding out the Hour-Lint 


nomy. 


Now Cteſibius that and their true Diſtance ou 


amous Philoſopher meaſured | (3A x) 
= Hours and Times by the from the other 3 which Ln 


orderly running of Water, Then ATC great Circle 8 of a Spben 
by Sand was the Hours mea- which being projected on 1 


ſured. After that, by Trochi- Plain Superficie , becom 6 Ar A 


like with Weights And of T: ; 1 7 
late, with Trochilike wieh Lines; which Lines do col 


SPrings. 


5 tinually vary, according asthe 
Planes on which they are ds 


| ſcribed, or projected, do lie ſituated in xeſpel 


of the Horizon of the Place. Now a Dial may 
be made on any Plain Superficies ;, for all Plat 


Superficies are poſited, either Perpendicul! 


Parallel, or Oblique, to the Horizon of the Place 


in which the Plane is ſeated. 


In the Delineation of all which Dza/s in thi 
Chapter deſcribed, (which are the moſt Emi. 
nent and Uſeful Dials now uſed ) I have uſe 
this Method: 1ſt. I have ſhewed how » Ds 
"— = 7 On 


a .. SS cM. —— — — 
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neate them by Geometrical Projefion, by Scale 
Ind Compoſs only: And, 2dly. how they 

ay be Deſcribed by Arithmerical Calculation: 

F both which I have been very plain and 
„„ £ Y | 


2 
7 


6. „ 


| SE (2 T. I. 

„/ the Delineation and Project ion of ſundry, 
1 
PROP. I. 


How 20 draw the Hour-Lines on an Equinoffial 


N Equinoftial Plane, is ſuch which heth & x, 
LAX Parallel unto the Equinottial, and is an 
ll Horizontal Plane, under the Pole. This is the | 
fest and plaineſt kind of Diale, and is made 1 
Natter this manner: - Firſt deſcribe the Circle Eg. 64. 
WE R for your Plane, then croſs it with 
the two Diameters E W and AR: Then 
divide the Semi- circle E W R into 12 equal 
Parts, in the Points O, ©, O, c. Then from 
the Centre Q, and through the ſaid Points, 
draw ſtraight Lines, which ſhall be the true 
Hour-Lines belonging unto this Equinoctial Plane. 
Now becauſe theſe Planes are capable of re- 
ceiving all the Hour-lines from Sim: riſing unto 
the Sun ſetting, in Summer; therefore the Hour- 
lines of 4 and 5 in the Morning, and 7 and 8 
in the Evening, muſt be delineated as you ſee 

done in the Figwre : Theſe Hours may be ſub- 
WE no no et I oe on divided 


Of Dialling. 5 


1. divided into Halſ-Hours, and Quarters : The 


Stile of this Dial muſt be a ſtraight Pin, or 
4. Fpre, ſet Perpendicular to the Plane on the 
Centre Q, and of any convenient Length. This 
Dial may be made for any Latitude, and is of 
good Ule for Seamen and others. =D 


If this Dial be put up in the Latitude of 
London, it muſt make an Angle of 38 280; 
the Under Face next the Horigon ſerving for 
the Pinter Halt-Year, and the Upper Face 
the Summer Halt- Lear. 1 


„ PROP WL 
_ How to draw the Hour-lines on a Polar Plane, 


A Polar Plane is one that lies Parallel unto 
the Po/e, and under the Equinoclial is an Hori 
zontal Dial. The Way to make this Dial is thus: 
- Firſt draw the Line AB, for the Horigontall line 
of the Plane; and croſs it at the Middle at Ric. 
_engles with the Line 12 Q 12, which is the 
Meridian or Hour-line of 12: Then upon the 
Line 12 Q 12, either above or below the Point 
Q, aſſume any Point, as S; then ſetting one foot 
of your Compaſſes in 8, deſcribe the Semi- circle 
CED, which Divide into 12 Equal Parts, in 
the Points O, O, O, Cc. Then lay a Ruler 
unto 8, and unto the ſeveral Points O, O, O, Cc. 
and it will croſs the Line AB, in the Points, 
x, x, x, Cc. Then through thoſe Points draw (by 
Chap. 4. § 1. Prop. 4.) Right-Lines all Parallel 

unto 12 Q 12, and fo is your Dia finiſhed. 
Then, according unto the Breadth of the Plane, 
9 — 


- Of Dialling. 


ou may Proportion your Stile, x whoſe Height 8 1. 


muſt be Equal to the Diſtance between the two 
Howr-lines 12 and 9, or 12 


and 2, and then will the Shadotw 
of the upper edge thereof ſhew 
the Hour of the Day. The 
Height of the Sie is alfo found 


| Fs . 56 4 

* Which may be either a Pin 
of the length of QS, placed on 
Q, and Perpendicular unto the 
Plane; or it may be a piece of 
Braſs or elſewhat of the breag1b 
of 12, to 3, or 9. 


thus: 

As the Tangent of the Hour-line & 07 5, 

To the Diftance thereof from the Meridian; 
So is the Radi, © 
To the Height of the Stile. 


Then for the other Howr-/ine, ſay, 
As the Radius, 5 

To the Height of the Stile; 

So 1s the Tangent of any other Hour-line, 

Jo the Diſtance thereof from the Meridian: line. 


PROP. III. 


How to draw the, Hour-lines on a Meridian Plane, 
which is an Eaſt or Weſt Dial. £ 


A Meridian Plane ſtands upright directly in 
the Meridian, and hath two Faces, one to- 
* the Eaſt, and the other towards the 
Weſt. 


Now admit it be required to make a Dire& 


Eaſt Dial, in the Latitude of 512 32': Let AB CD Fig. 66, 


be a Dial- Plane on which you would deſcribe 
a Direct Eaſt Dial; on the Point D deſcribe 
an obſcure Arch HG, with the Radius of your 
Line of Chords; then take 38? O28“, the Com- 
plement of your Latitude, place it from G ol ; 
oy h then 


ory 
* 


Fig. 66. 


ſo that all the Hours may be placed thereon, 


15 CO; and draw OK, to cut 616 in M, 6 lf 
ſhall IM be the Height of the Stile proportion d 
between the Hour-lines of 6 and 9, which 
the Line 6 I 6, whoſe Shadow of the upper 
your Lie of Chords, on M ſtrike the ArchQN, 
which divide into five equal Parts, in the Points 


each of thoſe Points, and it will cut the Line 
IK in the Points , X, X, E775 through which 


Pleated, and in the forming of which, you have 
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then draw DL quite through the Plane: Then, 
to proportion your Sri unto your Plans 


from S$n-ri/17g to IT 4 Clock, aſſume two 
Points in the Line LD, as K, for 11, and J, for 
the 6 a Clock Hour-lines; then draw 6, I 6, 
and 11, K 11, Perpendicular to LD. This done, 
with the Radius of your Line of Chords on L, 
ſtrike the Arch OP, and from P to O place 


unto this Plane , which may be a Plate of Braſs, 
whoſe Beadth muſt be equal to the Diſtance | 


muſt be placed Perpendicular to the Plane, on 


edge ſhall ſhew the Hour of the Day. Noy 
to draw the Hour-/ines, with the Radius of 


0, 0, o, Cc. Then lay a Ruler from M unto 


Points (by Chap. 4. & 1. Prop. 4.) draw Parallels 
to 6 J 6, as the Lines 77, 88, &c. which ſhall | 
be the true Hour-lines of an Eaſt Plane, from 6 

in the Morning, till 11 before Noon. Then for 
the Hour-lines of 4 and 5, you muſt prick off 
5 as far from 6, as 6 is from 7; and 4, as far 
as 6 is from 8; and draw the Hour-lines 55, 
and 44, as before. Thus is your Dial com- 


made both an Eaſt and a Veſt Dial; which is 
the ſame in all reſpects, only whereas the Arch 
HG, through which the Eguinoctial paſſed 0 

e the 


J ² A AA CIO 7 3 ˙ — 
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the Eft Dial was deſcribed on the Right-hand 
of the Plane, in the JVeſt it muſt be drawn on 


the Left- hand; and the Hour-lines 4, 5,6, 7, 8, 
0. 10, and 11, in the Fore-noon in the Eaſt Dial, 


mult be 8, 7, 6, 5, 4, 3, 2, and 1, in the Veſt in 


the Afternoon ;, as in the Figure plainly appear- 


th, Or if you have drawn an Eaſt Dial, tis 
made a Teſt by pricking it through, and draw- 


Ing the Lines on the backſide of the Paper: 
But Note alſo, That the Hour-line of 11 in the 
Fat Dial will be the Hour-line of 1 in the Heſt 


D. and the Hour-line of 10 in the Eaſt the 
How-line of 2 in the Weſt, and ſo on. Now 
ou may find the Diſtance of the Hour-lines from 


the Sbſtzle, by this Analogy or Proportion : 
As the Radius, 7 
To the Height of the Stile; 


Sis the Tangent of any Hours Diſtance from 6, 


to the Diſtance thereof from the Saubſtile. 


PROD. Iv. 


i Ho to draw the Hour-lines on a Dire@ South | 


and North Plane. 


This Plane or Dial muſt ſtand upright, ha- 
ving his Face or Plane, if it be a South Dial, di- 


rectly oppoſite unto the South; but if a North 


Plane, directly oppoſite to the North. Now 
almit it be required to make a Direct South Dial, 
for the Latitude of 5 1 32“: To make which, 
firſt deſcribe the Circle AB CD, to repreſent an 
trett Dired South Plane; croſs it with the Dia- 


meters CB and AD; then out of your Line 


chords take 38* 28';the Complement of the La- 
ie tude, 


Fig. 68. 


240 
1. 
sg. 68. 


divide it equally in K, erect KM Perpendicili 


Parts, in the Points , ©, Oc. the Sear 
DB; then lay a Ruler unto R, and to eachd 
thoſe Points, and it will croſs the Eguinoctial- Crcl 


Now for the Stile, take 339 287, the Complement 


which is but the backſide of the South Dia, 


the Point through which the Equino&al mit 


is M the Centre of the Equinottal-Circle CE} 


Into 12 unequal Parts; then lay a Ruler from? 


muſt hang directly over the Howr-line of 12, or 
the Meridian, and muſt point downward, to- 


Holdeth the South-part of the Meridian. = 
No in making this Eret? Direct South Did, 
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titude, and ſet it from A unto a, and from} 
unto b: Then lay a Rwer from c unto a, and 
it will cut the Meridian ARD in P, the Pal 
of the TWorld; a Ruler alſo laid from C to f 
will cut the Meridian ARD in A, which i 


paſs ; for the drawing of which, you have thus 
Points given, big. C, Æ, and B, and the Cent 
will always be in the Meridiauline ARD. 1 
find the Centre thereof, do thus: Draw B &, and 


to AB (by Chap. 4. § 1. Prop. I.) and cor 
tinue it until it cutteth the Line MAR in M, 6 


which deſcribe, then divide it into 12 equi 


CAB in the Points , &, , Cc. dividing that 
and to every of thoſe Points, and it will croſs the 
Circle of the Plane CDB in the Points I, I, 1,& 
Laſtly, draw from the Centre R, and through 
thoſe Points the Right Lines, which ſhall be the 
true Hour lines of an Eret Direcł South Dill. 
of tlie Latitude, and place it from D unto e, 
and draw R e for the Axis of the Stile, which 
wards the South Pole, becauſe the Plane be 


you have alſo made an Eref Direct North Dial, 
lying 


age 2.40 


31T tier N 


Sate V 


4 
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lying in the ſame prime Vertical ; only as this 8 1. 
hath the South Pole Elevated above it, and be- 
holdeth the South-part of the Meridian, fo the 
other hath the North Pole of the Tor id Elevated 
above it, and beholdeth the North part of the 
Meridian. The Hour-lines of 9, 10, 11, or 
1. 2, and 3, is not expreſs'd on this Plane, becauſe 
12, repreſenteth 12 at Midnight; neither are 
the other ſaid Hours expreſs'd, becauſe the Sun 
is never above the Horigon, at thoſe Hours: 
Therefore the North Dial is capable only to 
receive theſe Hours, namely, 4, 5, 6, 7 and 8 
in the Morning, and 4, 5, 6, 7 and 8 at Night; 
as doth plainly appear in the Faure. Now 
the Diſtance of the Hour-lines from the Meri- 
dan may be found, by this Arna/ogy or Pro- 
portion 1 5 . 1 

As Radius or 8 90% ! . 
| ToSc. of. the Latitude; i agen Fig. 69, 
So is T. of the Hour from Noon, 
Jo T. of the Hour-line from the Meridian, 


PROP. Y. 

How to draw the Hoar-lines on a Horizontal 

Plans. IE 

This Horizontal Plane, or Dial, is one of the 
beſt and moſt uſeful Dials in our Oblique He- 
niſphere.. Admit it be required to make an 
Horizontal Dial for the Latitude of 5 1 ᷣ 32“: To 
make which, firſt deſcribe the Circle ABCD, Fig. 70. 
which repreſenteth your Horigontal Plane, 
then croſs it with the two Diameters ARC, 
and BRD; then take 51* 32“ out of your Line 4 
Chords, and ſet it N to a, and from C — 


Fr. to b: Then lay a Ruler from A unto a, and it 


He. 70. 


Fg. 70. 


it will cut ABD the Meridian, in the Point 


divide the Sem-circle ADC into 12 equal Parts, 
ins the Poifits &, O, o, Ce. Then lay a Rule 


P the Pole of the World, and thoſe Points, ſhall 


 &c. Laſtly, from the Centre R, and through 


the Foenng, through the Centre R, and 7 and 


pe ndicular on the Meridian-line , for the forming 


ww 
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will cut the Meridian BD, mn P the Pole of the 
World; then lay a Ruler from A unto b, and 
li 
where the Equinoclial cutteth the Meridian; then 
through the three Points A, A, and C, dray 
the Equinoclial Circle, whoſe Centre is at , 
(and found as in the former Propaſition.) Then 


to R the Centre of the Plane, and on thoſe 
Points, fo ſhall the Equinoctial Circle AZ be 
by it divided into 12 Unequal Parts in the 
Points X, X, , K, Oc. Then a Ruler laid unto 


cut the Semi- circle C D A in thoſe Points I, I, I, 


thoſe Points, let there be drawn Right Lines, 
which ſhall be the true Hour- lines of ſuch an 
Horigontal Plane, from 6 in the Morning until 
6 at Night; but for the Hours of 4 and 5 in 
the Morning, and 7 and 8 in the Evenny, 
they are delineated by producing 4 and; in 


8 in the Morning, extending them out unto the 
other ſide of the Plaue, ſo thall you have thoſe 
Howr-lmes alſo on your Plane d Saas as von 
ſee in the Figzre. The Stile of this Plane may 
be a thin Plate of Braſs, cut exactly unto the 
quantity of an Angle of 5 10 327, and ſet Per 


of this Stile, take out of your Line of Chords 
51* 32, and ſet it from D unto e, and draw 


Re, which ſhall be the Axis of the Stile. You L 
may alſo prefix the Halfs and * of Not 
ours, 
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Hours, in the very ſame manner as the Hours 8 1. 


themſelves were drawn. 3 
No to find out the Diſtance of the Hour- 
lines from the Meridian, ſay, _ 


As the Radius or S. 909?, = Fe. 70; 
To the S. of the Latitude, ; 
So 1s the T. of the Hour from Noon, © 

To the T. of the Hour-line from the Meridian- 


Theſe kinds of Diale being fo frequently uſed 
with us, in this Ohlique Sphere; tor the help 
of the ſpeedy Delineating of them, I have an- 
nexed hereunto the TABL E of Longomontanys, 


wherein the Howr-/ines, for many Latitudes, are 
calculated. 


The Uſe of the following TAB L E is thus: 
The Firſt Column next the Left-hand is the 
Latitude, beginning at 30 deg. and ending at 
bo deg. The Second Column is the Diſtances 
on an Horizontal Plane from x11. to xi. and i. 
in any of thoſe Latitudes. The Third is the 
Horizontal Diſtance betwixt x11. and x. and 
zii. and ii. and ſo on. The Laſt Column, 
next the Right-hand, is the Complement of the 
tormer Latitudes; and the Uſe of it is this: 
The Diſtances for an Horizontal Dial in the La- 
titude of 30 deg. will ſerve for an Ere# Direct 
douth Dial in the Latitude of 60-deg. So that 
the Diſt anges here calculated ſerve for two Dzals ; 
as, if it be an Horizontal in the Latitude of 
51 deg. "twill be an Erecł Direct South in the 
Latitude of 29 deg, Underſtand the like of 


others, | E 3 7 


* ＋y— 
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ET] N 
2 4 TABLE. ſhewing the Dees of 2 
8. the Hour-lines from the Meridian, in 8 
| © theſe Degrees of Latitude. 7 | 
oy | N 
15 „„ 
The Hour Ines from the Meridian, D 
3 i. X. iiſix. iii. viii. iv. vii. v. vi. : 
8 N 
> D MD ND TOW MID MD MS 
307 33/16 626 3449 1167 4999 065 
31 | 7. Fijls 3427 1441 4262 2990 00 
V 7175 3063 6.90 ol 55 
3318 1717 27128 3442 1763 4590 og} 
1.34 | 3 32/17 LA 1344 64 4290 © 56| 
'35 | 8 43113 209 494 4% 569 & 5 
358 56113 45130 2545 2865 2759 q 5 
379 99 961 146 oy 53% 5; 
389 21/19 3431 3746 65066 2990 qg2 
39 | 9 33119 57132 947 2666 TJ 4. 
40 9 4620 2032. 4048 167 2000 cp 
41 |9 58/20 4333 1448 3767 4590 cy 
%% 775 N.. 1368 11900 83 
43 [10 2221 2934 1749 4468 3250 J 
| 44 flo 32/21 5034 492 14163 7290 <q 4 
4F 0 43/22 1235 1570 45669 149909 d 
46 [to Faj22 3335 4471 1669 37% qu 
| 47 f gz 5336 1051 4369 5390 q 
43 11 16123 1236 3552 970 1090 od 4 
492 j11 26123 3237 Iz 370 2890 94 
Fo fr 36123 F1j37 2753 10 43 44 
1 5r [iT 46124 937 503 24/0 5890 939 
52 1 5624 26138 1373 46/71 12000 9033 
53 12 ſ24 44138 364 871 270 57 
I |12_14]2F 233 Folſg 30½1 41% 9 36| 
55 [12 237 1839 18/54 50/1 73 © 3 
56 [12 32Þ5 3339 3355 off2 4 q 44 
57 |12 465 4939 58 232 1690 33 
8 rz 48[26 7540 18/7 46/72 27190 0, 32 
F9 113 F6[z6 4940 36156 172 38190 © 3! 
| 60 [13 58126 3240 LY q 59 
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le to draw the Hour-lines on an Eref De- 
chmng Plane. 


Theſe Planes are made to ſet on the Sides of 
Houſes, wherein the Meridian is always a Per- E 2 71. 
wndicular, drawn on the Plane, on whoſe top 
13 the Centre, where the Subſtile and the Hour- 
Ines all meet. EE OE 
Now before we can delineate the Hour-/nes 
n any ſuch Planes, Two things mult be given; 
as, the Latitude of the Place, and the Plane's De- 
nation + By having which, we muſt find theſe 
Three things; vig. the Pole s Height above the 
Plane; the Diſtance of the Subſtile from the Meri- 
dan; and the Plane s Difference of Longitude. 

For the finding of which Requiſites, by Geo- 
metrical Projection, we deſcribe on the Dial Plane 
theſe Circles of the Sphere, viz. the Horizon, 
Meridian, and Equinoctial; which being de- 
ſcribed in their true Poſition on the Plane, we 
proceed thus: = 5 

Admit it be required to make a Direct South Fs. 71. 
Dia, on an Erect Direct South Plane, Declining 
Veltoard 24 200, in the Latitude of 5 1 32. 

Now in order to find the Requiſites before- 
mentzon'd, deſcribe the Circle Z HNO, and 
croſs it with the two Diameters ZQN, and 
HO: Now Zisthe Zenith, N the Nadir, ZQN 
the Hour-line of 12, HQO the Horizon, Now 
ſeeing the Plane declines S. W. 34 20' ; make 
Na, and Ob, each equal to 34 20 : Then a Ruler 
laid from Z to a, will cut the Horizon in S the 
Huth Point of the Hori gon, through which draw 

. R 2 the 


2 3 Ry = . 
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the Meridian ZS N, whoſe Centre is at V, found 
as in the 4th Propaſition aforegoing: Then z 
Ruler laid from Z to b, will cut the Horiag 
in W, the Weſt Point thereof. Now the Horizon 
and the Meridian being projected on the Plan 
take out of your Line of Chords 5 1 32“, which 
place from H unto c, and from N unto, 
then lay a Ruler from W unto c, and it cut. 
teth the Meridian in P, the Pole of the ori 
Then through P and Q draw the Line PO, 
which repreſenteth the Axzs of the World, and 
the Subſtilar-line of the Dial; then lay a Ruly 


from W to d, it cutteth the Meridian in 


ſo is W two Points through which the Equ- 
nollial muſt paſs, whoſe Centre is found, x 
afore to be at M, (being always in the 4x6) 
of the IV/or'/d,) ſo have you on your Plane tle 


Horizon HQO., the Meridian ZPSAN, and 


the Equinoclial LAKWG, deſcribed on the 


Plane, as required. 


Now, Firſt, To find the Pole's Height above ile 
Plane, which in this Scheme is repreſented by 
BP. lay a Rzler from G unto P, and it ſhal 
cut the Plane in V; then meaſure the Diſtance 
BY on your Line of Chords, and you wil 
find it to contain 34? 33, which is the Polt“ 


Height above the Plane. 


Secondly, To find the Diſtance of the Subfiil 


from the Meridian, repreſented in the Scheme 


by the Arch Z B, or ND; which meaſured 2 


afore, will appear to be 18908“, the Diſtance 


of the Subſtile from the Meridian. 


che Angle EPK, lay a Ruler from P unto A 


| Thirdly, To find he Plane 5 Difference of Lon. | 
gitude, which in the Scheme is repreſented by 


d 
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aud it cutteth the Plane in X, then meaſure the & 1. 9 
%% DX, as afore, and fo "will you find the | 

Planes Difference of Longitude, to be 30? oo“: — 

Thus by Geometrical Projection have we found Fg. TL | 
all the three Requiſites: Now to find them by | 
frithmetical Calculation oblerve thele Analogie — 
or Proportions. 


I. For the Poſes height aloe the Plane, ſay: 
As Radirs or S. 90e, 
To Sc of the Latitude 389 28', 
So 5 Sc. of the Dechnation 659 as 
To S. 0 the Poles height above "the Plaxe 
. 
2. For the Diſtance of the Subftte, from the 
Meridian, fay : 
As the Radius or S. 90? od, 
To the S. of the Plane's Declination 24 20'z 
So is Te of the Latitude 38 28, 
To the TI. of the Subſtilar Diſtance fron the 


Heridian 18 10. 


3. For the Plane's Differexces Longitude, ſay: Lg. 71. 
As the Sc. of the Latitude 780 287 
To the Radius or S. 90 oO. 
So is S. of the Subſtilar Diſtance 18 10, 
To the S. of the Difference of Longitude 30 Dee. 


Or it may be found thus: 

As the S. of the Latitude, 

To the Radius, 

80 is the T. of the Declination, 

To toe T. of the Difference of fein re- 
quire 

Theſe things found, we come now to ſhev/ | 
how the Howr-lines may be projected. To pro- 


A which obſerve, Fut, to lay a Ruler from 
3 P the 


3 5g 


r ESD 


— 


F 
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> 


Vc. Then by a Ruler laid from the Center (), 
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P the Pole of the World, to Æ the Inter ſedim 


1. of the Equinoclia! with the Meridian, and i 
weill cut the Plane in x, where begin to divide 
the Semrarcle L x G, into 12 Equal Parts in 


the Points &, @, 6. 0, Cc. Then lay a Ruler 


from Q, to every of thoſe Parts, aud it ſhall 


cut the Equinoclial; and divide it into 12 un. 


caqual Parts, in the Points *, , &, X, 6; 
Ihen a Ruler laid from P the Pole of the ori 


unto each of theſe Points, it will divide the 
Plane into 1 2 unequal Parts in the Points J., 


to thoſe Points, draw right Lines, which ſhall 


be the true Howr-lines proper unto ſuch a Dy. 
(lining Plane, as you ſee plamly demonſtratel 


by the Scheme. | 
Now the Subſtilur Line falleth in this Dia, 
juſt on the Hour: line of 2, in the Afternoon, be- 
cauſe the Plane declineth Weſterly. The Amt 


of the Stile is DQR 34 33'. which may be 


either a Plate or Tyre, brought into ſuch an 
Anale, which muſt be placed Perpendicular to 
the Plane, and directly over the Sbſtilar Lin 
QD 2. EY e 
Now the diſtance of the Houi-lines, from the 
Szbftilar Line, may alſo be found by this Au. 
ogy or Proportion. - | 
A the Redias; © ' 
To the S. height of the Pole above the Plane; 
So is the T of the Hour-line from the Meridia? 
„„ ond ts int 3 wa 
To the T. of the Hour-line from the Subſtilt. 
Thus have you compleated your Dra/; 35 


| you ſee in the Scheme, and here you may take 
Notice that having finiſhed a Weſt Decliner, 


y QIU 


12 
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you have allo made an Eaſt Decliner; if you & x, 
| only convert the Howr-lines of the Heſt De- 
Liner, in ſuch manner as you ſee in Eg. 72. 
on the Eaſt Decliner, and compleat all as you Fig. 72. 


ſee in that Scheme. 


Thus I have explained the making and de- 
cat ing of the beſt and moſt uſeful Dza/s, both 


by Geometrical Projechion, and allo by Arith- 
metical Calculations, in as brief and compendi- 
ons a Manner as poſſible. There are ſundry 
other kind of Dzals, as Incliners, Dechners, and 
Recliners, which being not ſo uſeful, for bre- 
vity fake, they are here omitted: As for In- 
ſrumental Dials, as Quadrants, Rings, Olin— 
ders, £'c. Which depend on the Sun's height, I 
refer you to Mr. Edm. Gunter's Book, wherein 
they are largely deſcribed. „ 
As for the Beautifying and Adorning of thoſe 
Dials, &c. by deſcribing on them the Eqęui- 
nolial, 'Tropicks, Parallels of Declination, Pa- 


rallels of the Sun's Place, Length of Days, the 


Sun's Riſing and Setting, Fewiſh, Italian and 
Bubyloniſh Hours, Almcanthars, Azimuths, Cir— 
cles of Poſition, the Signs Right aſcending, De- 
ſeending, Culminating, &c. I do adviſe you to 
conſult Mr. Gunter, Mr. Foſter, Mr. Wells, and 


Mr. Hotve/s Works, all which Authors have 


very learnedly ſhewed the deſcribing of them, 


by ſeveral large Schemes and Figures, for the 


plainer Illuſtration thereof. W 
Now ſeeing the Latitude of a Place muſt be 
firſt known, before a Dial can be made to it, 


I have therefore hereunto annexed a Table of 

the Lotitudes of all the principal Cities, Towns, 

aud and, in and about Great Britain and 
N „„ : 3 Ielant | 


— — — 
— — —— — ——— - 
L . 


d I. 


D.M 
ENGLAND. |] 2 51 1 

5 —— 5 Hartford 51549 

„ . D. M. Hereford | 62 1 = 

A Runde! 51 00 | Huntington 52 20 
of .k Bedford 52 15 | Ipſwich 52 20 
Barwick 55 54 London 51 30 
Briſtol 51•˙35 Lincoln: 53 20 
* Buckingham 52 10 Leiceſter 52 45 
Cambridge 52 20 Lancaſter 54 15 
Canterbury 51 25 | Northampton 52 2 
Carliſle © 55 20 Normch 524 
Chicheſter 50 48 Nottingham 53 00 
Cheſter 53 18 | Newcaſtle 55 12 
Coleheſter 52 08 | Oxford 51 50 
Dover 51 20 | Portſmouth F1 08 
Derby WY my Plmouth 50 36 
Dorcheſter 50 50 Reading 51 40 
Durham 54 56 | Saljbury 51 12 
Exeter 50 48 Stafford 52 50 
Falmouth 55 22 | Stanford 54 44 
51 57 | Shrewsbwy 32 59 
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Treland ; fo that if you are to make a Dial, for 
any of thoſe Parts, you may have recourſe tg 
this Table, and make your Dial to the Latiryd; 
of that Place, which you find to be the nears 
to the Place, for which you are to make your 


3 1 
2 — — : nnn 


4 Th BLE of the Names and Latitudes of all 


the Principal Cities, Towns and Iſlands, in 
and about Great Britain and Ireland. 
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D. M. * 
3 50 30 Shraffa 58 3 
4 | £ 7 6 12 
4 lache f 7 51 C3 | Sterling 3 ; 
Worceſter - BR wY : . N 2 
IWartcR 32 - IRELAND. D. M. 
Jor k FS. | \ Ntrim - 54 38 
——— | Arglas 54 10 
AI ES. D. . 1 Armagh $4 14 
WALE 8 Certerlazh 52 41 
A y , $3 2 Clare 52 34 
Barmonth 52 50 Corke 51 55 
DV eCKNOCK 1 Droghedagh 53 58 
Cardigan E 55 
Luermarthen 51 56 Dundalhe E2-TT 
DVV 
Denbigh 12 15 Kenney 352 30 
Hint VCH 
Landaffe 2 Kings Town 53 08 
Monmouth 5151 Knockfe! LYS 54 40 
Montgomery 51 56 K Kynſale 51 41 
Pembroke 51 46 Lymerick 52 30 
Radnor $4.29 Queens Town 5252 
t David "M3 Waterford 52 09g 
— Vo: 52 5 
3 
SCOTLAND. D M bal Y 
Berdeen 57 30 
' Dunblain 56 21 ISLANDS. = M. 
Dunkel = 56 48 b. 50 48 
Edenburgh 56- 00 | Portland 50 30 
Glaſcoro 55 58] M 29-54 
Kinſale 57 44 Lundy 51 22 
0rkney 60 06 49 12 
dt. Andres 56 40 Gern HAP 
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I will uſe this Method. Firſt, Give you the 


ducing Maxims or Rules herein obſerved. Third- 


any Fortiſioation, according to the ſeveral Pro 
portions, uſed by the beſt and moſt expertenc'd 
Ingineers of Ita/y, France, Holland and England; 


and principal Outworks now in uſe, and Liſt 
, lay down ſome general Maxims or Rules, 


by moſt Modern Authors obſerved in Irregular 
Fortifications. . e gs 


ide Definitions of the Lines and Angles, l. 


1, THE Exterior or outward Line, which | 


- CHAP. ult 
Of FORTIFICATION,. 


HE Utility of this Mathematical Art cl. 
led FORTIFICATION, 07 Military 
Architecture, 2s ſo well known, that it 
needs not my Commendation, and therefore to ſpeat 
any thing thereto, were but to light a Candle hi. 


In the handling of this Part of the Mathes 
ichs, I thall be as brief as poſſible, yet as plain 
as can be defired : In the proſecution of which, 


moſt principal Definitions or 'Terms belonging 
to this Art. Secondly, Preſcribe the moſt con- 


ly, Shew how to delineate the Ground-line of 


Fourthly, Deſcribe the Conſtruction of the chict 


** 


1 


— 
— — 


onging to the Principal Grownd-work of any | 
Regular Fortification. | 


A boundeth the Eæmpart, at the Foot Ahe 
Wh | 'E | 
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ih Ditch, is the principal and only Line to be & 1. 
regarded in all Regalur, or Irregular Fortifica- 

lane, being the Baſis on which all the other 
Lines and Parts of the Fortification do depend. 

2, The Exterior Polygon is the outward fide 

of any Regular Figure, as in the Hexagon (which 

figure I ſhall make uſe of through this Trac) 

the fide A A, is the Exterior Polygon. © 
2. The Interior Polygon, is the inward fide Eg. 73. 
of any Regular Figure, as in the Hexagon is 
wted by any of the ſides between P and P. 

4. The Baſtion or Bulwark, is that great 

Work of any Fort, that advanceth it ſelf to- 

wards the Campaigne, and here are ſix all mark- 

ed with B, the Lines which terminate them, 

we two Gorges, two Flanks, and two Faces. 

5. The Demi-Gorge or Gorge-line PC, is half Fg. 73. 
the Entrance into the Baſtion, and terminates = 
3 C, whereby the. Plan, ſhall be 
—_— 5 . 

6. The Flank is another Outline of the Ba- 
ian as CF, which terminateth the Curtain 
and Face. 5 5 . 

7. The Face is the utmoſt Line of the Baſtion, 

%F A, two Lines thereof do form the Angle of 

the Baſtion A, or the Flanked Angle. 

8. The Line forming the Flank FF, is a 
prickd Line, made uſe of by the Dutch Ingi- 

were, and others. | | 

9. The Capital is AP, part of the Line com- Ig. 52. 
ng from the Center O, terminated at the 
Pint of the Baſtion A. by 5 

Io. The Curtain is that Part of the Interior 
Phgon CC, which lieth betwixt the two Baſti- 
ons B, and Ws : e 


1 I. The 


49 —— — 
3 yn Oye ng nr Om” 
r * 
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11. The Line of Defence is AC, paſſing fra 
A, the Point of the Baſtion, to ( 


/ | 
* Becauſe the length of the Angle of the Flank and Cy 


Musber-(.ot doth not muc 
exceed that Diſtance. 


tain, and ought never to excel 
800 Engliſh Feet *. 

12. The Line S:ringert, is the Line comin 
from the Point of the Baſtion A, and prolong 


on the Face AF, to the Curtain D, which ſhey. 
eth that DC, the Part of the Curtain, (hy 


Face. 


ſome called the ſecond Flank) will ſcour the 


13. The Diameter of the Interior Polygon, b 


the Line OP, coming from the Center thereof 0. 


14. The ſhorteſt Line from the Center unto 


the Curtain is © m. Theſe are the Definition 
of the principal Lines, appertaining to the 
_ Groundwork of any Regular Fortification, tle 


Fig. 73. 


remain 


Vg. 73. 


Aneles followetn. 

15. The Angle of the Center of the Polyzon 
. „))) 
16. The Angle of the Polygon PPP, is always 
the ng corn of the Angle at the Center, or 
er unto 180 Degrees. 

17. The Angle of the Triangle PP is always 
the one half of the Aigle of the Polygon PPP. 
18. The Angle of the Baſtion, or the Flanked 


Angle FAF, is expoſed unto the Batteries of the! 


| Beſregers, and formed by the two Faces, FA, 


and FA, which ought never to be lefs than 60, | 


nor much above 100 Degrees. 


19. The Angle of the Eſpaule, or Shoulder, 
is formed by the Face and Flank, as AFC. 
20. The Angle of the Hank CCF, is formed 
by the Curtain and the Hank, and is moſt com- 
monly a Right Angle, but by ſome later Ig. 

55 : 5 neers, 3 


- 
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ere, is made Obtuſe, or more than a Right 8 1. 
inzle, or 90 Degree. „ 

21, The Angle made by the. two Lines Fiz- 
nt At a, is called the Angle of the Jenaile. 

22. The Angle forming the Flank is CPF, 
which Angle is made uſe of by moſt of the-. 
Dutch Ingincers. 8 05 Pg. 73 


Mu % _— 0 3 > ett. 5 ——_—_. 


* — — 


SECT. 8 


(f General Maxims or Rules obſerved in 
 Fortifications. 


THAT all the Parts of the Place be of 8 2. 
Cannon- Proof flanked, 7. e. defended 
from another Place, which Place is no farther 
lttant than the reach of a Musket- « gue the Deſen.c 
hot from the Place to be Flanked or ougbt to be eafie, quick, 
lefended X. certain, ard of little 
5 charge, all which quali- 
tis the Alus ket hath and the Cannon hath not, therefore the Defence of 


Ftification ought 10 be meaſured by the Pot of a Musket, and not by 
Ibt of a Cannon. 8 8 g 


2. That in all the Place there may be no 
bart of the all, or Out- ſide of the Rampire, 
lat is not ſeen from the Top to the Bottom of 
the Mote or Ditch. e | 

3. That the Baſtions are large, and full of 
urth, and not empty; the bigger they are, 
lizy are the more to be eſteemed, there being 
liz more room to Intrench, in caſe of ne- 
eelſity: whoſe Gorge let be at leaſt 35 Fat home, 
ad their Flank at leaſt 18 Fat homs. 2 

: e 4. That 


255 
2. 


Angle, be not much above 90, nor much l 


in the latter it would be too ſlender, and { 
eaſily to be Battered down by the Enemie 
Cannon. N 
what Obtuſe ; neither is there any more virtue 
in a Right-Angle than in any other for the De. 
fence of the Fort. DH 


be not above 135 Fathoms, nor the Tingle aboje 


rapet of Earth Cannon-proof may be erected 
thereon, and a Terraplana left full wide for 


Fur hom broad, and as deep as poſſible. Nay 


in ſuch Sallies are not neceſſary, and Surpriſe 


the Center, be commanded by thoſe which ard 
| neareſt to it. 


| ſtronger when the Angle made by the Fad 
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4. That the Ang/e of the Baſtion, or Hansel 


| 


than 60 Degrees, for in the former it woll 
lie too very Obtuſe and open at the Point; any 


5. That the Age of the Flank may be ſome 


6. That the Length of an extended Curtis 


80 Fat home, nor be leis than 40 Fat homs, to be 
well defended from two F/anks. == 
7. That the Rampire be ſo wide, that a P- 


the Ordnance to be i, 
8. That the Mote or Ditch be at leaſt 20 


dry Motes in great Cities are to be preferred 
before others that are full of Water, to facili: 
tate the Sallzes, the Relief and Retreat of thi 
Befieged ; and in ſmall Fortiſications the Mole 
dull of Water are the moſt Eſteemable, becauſe 


are very much to be feared. ol 
9. That the Parts that are moſt remote from 


10. That the Defence of a Face is mud: 


and Exterior Polygon is a Great Angle; thif 
Maxim is ſo very eſſential, that it will try th 
e Goodne ö 


2 


Of Fortiſication. 
Coodneſs of any Fortification whatſoever: Thus 
ceflary for Good Fertifications.. - 


SECT. .. 


of the Conſtruction ant making of the prin- 
cipal Ground. Line of a Fort, according 


— 


gincers. 


I. Of rhe Italian Fortifications. 


tholick King, wrote at Florence, his Ele- 
nente of Military Architecture, Entituled, Breve 
Lirattato delle Moderne Fortificagioni. This Ita- 
n Author was a very Learned and Skiltul 


is ſaid Book, Printed 1665, he makes the I- 
iar Polygon 800, and not leſs than 600 Feet, 
is Demi-Gorge he makes 4 of it, and fo for the 
ink of the Quadrangle. But for the Pentagon, 
ad all Figures above, he makes the Flanks -t. 


Hank at Right Angles with the Curtain. 

bes will be 125, and in the Quadrangle the 
wore 138 Parts. For the Faces, he makes them 
v fall on the third Part of the Curtain, unleſs 


inf u the Square, which he allows no ſecond Flank. 
. 8 PROP. 
© 


1 have deſcribed the 10 chiefeſt Maxims ne- 


Ennaro Maria, Mathematician to the Ca— 


Matbematictan, and famous in his Nation. In 


Part of the Gorge more, and he placeth his 
Suppoling his Interior Polygon 1000 Parts, his 


ne will be 125, but of the Pentagon, and all 


„ de moſt Modern Ways, uſed by the 
Italian, Dutch, French, or Engliſh In- 


258 
8 3. 


Fg. 74. 


tion, until the Work is compleated. 


MMonſicun Maneſſon Mallet in his late Woll 


268 Engliſh Frer, which they divide into 


ſuppoſing your Interior Polygon PP, 1000 Part | 


Firſt deſcribe the Hexagon PPP, c. thy 
divide the Interior Polygon PP, into Tooo equi 
Parts, take 125 for the Gorges, and ſet it fron 
P to C. Then on C raiſe a Perpendicular, mah 
it equal to 138 Parts, for your F/anks CF, the 


ſign theſe Proportions for the laying down tie 


Of Fertification. 
| ; P R O P. 1. 
To Fortifie a Hexagon according to this Auth 
Proportion. | gn: 


draw the Face AF, falling on the third Part of 
the Curtain CC, at D, and fo do on every & 


II. Of the French Fortifications. 


Monſieur De la Mont, in his Fortificain 
Ofenſroe and Defenſibe, Printed 1671 : An 


Entituled, Travaux de Mars, Printed 1672, 2 


Ground-Line of a Fort. 3 
Both theſe Authors make the Ixterior Pojyut 


Parts, and taking one for the Gorge 153 It 
Both divide it into 3 Parts, and take one for tht 
Capital, that is 255 Feet. 
Now our firſt Author De Ja Mont, makes tit 
Flank to ftand at Right-Angles and takes 115 
Feet for it, which is ; of the Curtain, and | 
draws the Baſtions, in all ſave the 2uagranglt 
and Pentagon, which he makes to have no /econ 


Flank. 5 
PROP. II. 
To Fortifie a Hexagon according to the Pn 
portion of De la Mont. 
Firſt deſcribe your Hexagon PPP, Cc. Noi 


— _. 
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the Capital 333, the Gorge 200, and the Flank 9 3. 

zo Parts, take out of your Triangular Scale, Eg. 74. 
6. 75, (which is made for the more ſpeedy 
Pelineation, according to this Proportion of 
De la Mont) P A for the Capital, and prick it 
f from P A on all the Baſtions. Then take 
C, and prick off all the Gorges from P to C. 
Then take F C and prick it off at Right-Angles, 
m C to F. Laſtly draw all the Faces AF, 
\F, Cc. fo is your Hexazon compleat, as re- 


mired. . SY . 

-- Þ &0 P; . 
I Fortifie a Hexagon according to Maneſſon 
Mallet's Proportion. 


Now our Author Monſieur Maneſſon Mallet, 

1 his Works Entituled, Travaux de Mars, de- 

lates from our former Author, only in this: 

hat as De la Mont did place his Flanks at 
wht-Angles, he places them at 98 Degrees. 

ith the Curtains, and leaves no ſecond Flank 

all us Fortifications. Ff 
Therefore having deſcribed the Polygon PP, Fig. 74. 
c. divide PP into 1000 Parts, prick off the 
ta- PA 333, and the Gorges PC 200, then 

zy off the Flanks CF 150 Parts, at an Angle, 

It 98 deg.. with the Curtain CC (by Prop. 5. 

1. Chap. 4.) and draw all the Faces AF, AF, 

c. Falling on C the Point of the Hang 

nd Curtain, ſo ſhall your Hexagon be fortified, 

was required, 


III. Of the Dutch Fortifications. 
The Emperor Ferdinand III. hath learnedly Eg. 74, 


tered the Method of Fritach, Dogen, Goldman 
| 1 8 2 r and 


Pg. 74. 


Eg. 74. 


Iifcations, Printed at Paris, 1645, did place th 


| and Faulbaberys, all which were Dutch Ii 
neers, and wrote large Volumes on this $yþ 
ject; In his Works Intituled, Ai Ferding 


dlelineating the Sides or Lines of any Fort hy 


take 5 for the Gorges, which prick off all round 


C to FE, laſtly draw the Faces AF, AF, AF, 80 
So is the Hexagon compleated as Was required 
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dea, Publiſh'd 1654; by turning their way of 
working by Anles into working by Sides, 
Thus he fetteth down a Cerbolick Way e 


his 60 Prop. thus: the Interior Polygon to þ 
66, the Capital 24, the Gorge 15, and the Han 
12. Or in making the terrier Polygon 22, the 
Capital 8, the Gorge 5, and the Fark 4. 0 
yet making the Iaterior Polygon 1000, the G 
pital 363, the Gorge 227, and the Hanf 181, 
this is an Epitome of all the Dutch Fortification 
and 1s general excepting for the Square, whd 
mult have no ſecond Flank. 


LES MRO ( 
To Fortifie a Hexagon according to the Ent 
©. "IF 's 8 Pr portion. „ 


Firſt deſcribe the Polygon PPP, Ec. dit 
PP, Eg. into 22 Parts, take 8 for the Capita 
PA, which prick. off all round from P to! 


from C to P, then take 4 tor the Flank Cl 
which prick off all round at Righr-Azgles tro 


w. of the Engliſh Fortifications 
His Late Majeſly.of Great Britain, Carolus. 
of Ever-Bleſſed Memory, bath much facilitate 
the Method of Count Pagan, who in his Fort! 


Flank h 


0 Fortiſcation. 081 
ae at Right-Angles with the Line of De- § 3. 
e, and he works by the Exterior Polygon. _ 
oy His Majeſty places the Fan at kight- 

ges with the Line of Defence of the Interior 


e, and works after another manner: Count 
makes the Proportion of the Grand Royal 
, Suppoſing the Exterior Polygon to be 


o Parts, will make the Perpendicular M Eg. 74. 
be 150, and the Complement ot the Line of De- To 


C to be 185, which may ſerve for a 
un Proportion be the Length what it will, 
Sin a Sgzare the Proportions muſt thus be 
red in the Grand Royal Fort, tlie Perpendicu- 


MI muſt be 162, in the Mean R 144, and 
the Petty Royal 126, the Complement of the 
ne of Defence for the Grand Royal Fort is 228, 
for the Mean Royal Fort 198, alſo for the 
1 Royal Fort 198. £15 e 
r 

e to Fortifie a Hexagon according to Count 
Pagan Proportiun. N 

To delineate this Work draw a Line, about e | 
Middle whereof, as at M, ſet off MA, the - 


ck | 
ron of the Exterior Polygon 500 Parts, which 
les the Exterior Polygon 1000, then on M 


br Prop. 1. C. 1. Chap. 4.) raiſe the Perpendi- Fig. 74, 
lay Mm, which make Mt, MF Equal to 150, 

a draw ATC, and ATC, then take 185, 

ud place it from T te C, and to C, and draw 


„(br the Curtain, then on the Points C raiſe 
tate, n on | 

50 erpendiculars CF, to the Line of Defence C A, 
[ the Flanks, ſo have you alſo the Faces FA. 


hen on the Points A ſet off half the Angie of 
Ik I'2ure, to wit 605 \ you ſee in the [able, 
1 7 15 


_ Ellitated this Work, as will appear in this fi 


Lig. 74. 


Pg. 74. 


finiſh every Baſtion, and your Hexagon 3s Fo 
tified as was required, 1 


the Grrge, and AP the Capitals then fin 
each Baſtion at your own Diſcretion, and th 
Work 1s finiſhed as required. 


Of Fortification. 
in Pace 28.) and draw the Lines OA and 0) 
{0 ſhait © be the Center of the Figure, and pt 


1 PR Yam 


. PROP. VI. 
To.Fortifie à Hexagon according to the way pr 
Jſcribed by His Majeſty Carolus II. 
His Late Majeſty Char/es IT. hath much f 


lowing Example, by making the Line of Defen 
ſtand at Righi-Angles with the Flank of the! 
terior Polygon, by this Table, which ſuppoſ 
the Interior Polygon to be Io. Then 


| | ſ 

t | | 1 T — — | 
I Capital 3980437367333 3120300291 23; il 
| ' | 3 \ 

Gorge-Line [155 196 203 242|252 ks. 300 | 


Now to deſcribe the Hexagon PP, Cc. Tie 
divide the Interior Polygon PP, into 1000 Patt 
take 367 and prick off all the Capitals PA 
Then take 203 and prick off all the Gor 
from P to C. Now draw the Lines of Dejent 
AC and AC, Cc. Then at C ſet the Hanks: 
Right-Angles with the Line of Defence AC, 
ſhall FC be the F/2zk, and F A the Faces, tit 


— Th 
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Thus have I ſet down the ſeveral Ways 5 3. 
and Rules for laying the Fundamental G7r-:74 03/rve 
Line, from the moſt conſiderable Ingizeers of this for . 
this laſt Age, out of all which it's moſt agree- 1 
able to thoſe Authors, and to Practice, to take pur ORE” 
of the Interior Polygon for the Capital, + for tijcation, 
the Gorge and Hank, which leaves 2: for the 
yrtain, and let this be taken for a general 
Rule, where the Flank and Curtain ſtand at 
Rebt-Angles. e 5 
R . 
the Semicircle to lay down on the Ground 
any of the former Fortificat ions. : 


Having drawn the Plot of your Fort on In: Fig. 76. 
rial Paper, or Vellom, and it it be a Regular 
tort you need not deſcribe it but two Ha Ba- 
ons from the Center, for that will be ſufficient. 

Having ſuch a Plate, whoſe Length is ſet down 
on each reſpective Line, and all proper Angles 
expreſſed, will not only be uſelul for laying 
down the Work, but for finding the Solidity of 
the Ramparts, Parapets, and the other Earth- 
Works. See Fig. 76. : : 

If it be in ſuch a Place, that from the Center Caſe 1. 
of the Fort, all the Angles may be ſeen, place 
your Semicircle at Z, and lay off all the An- 
zles of the Center, which here is 60; then 
mark out the Diametrical Lines, and making 
them their due Length, as by your Plate they 
appear to be, ſet P:quets on all the PP“ up- 
nght with the Plaue: Then take up your In- 
ſtrument and place a Piquet at Z: Then loc l- 
% out all the Polygone PP: Then mark out 
the Gorges CP, then ſet out the Kanks CF, Eg. 76. 

. 84 either | 
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d 3. either at Right-Angles, or as otherwiſe requiry. 

Then /ock-/pit out the Flanks CF, and the ha 

AF, having firſt ſet oft the Capital PA, o 

- the Fort lined out for the Ground-Line. . 

Caſe 2. But if there be Houſes and Obſtacles in th 

way, that from the Center all may not be ſa 

then muſt you mark out any one Side and ma 

ſure it, and at each End {et off the AngE¹ 

the Polygon, (which here is 120») and drm 

Side after Side until all be finiſhed : Then 

niſh the Baſtions as before, and here great C 

muſt be had, or elſe you will run into infing 
8 bo 

e But you have Liberty Experimental 

to alter any of the former Proportions, as yu 

Have occaſion, and as will beſt ſerve the Pla 

als you ſee by the Fortifying a ſtraight-line 

Fig. 77. Figure: Eg. 77. where in Count Pagar's or i 

Maneſſon's way it may not be allowed withat 

{ome Alterations. | 


/ 


SECT -- 
The Dimenſions and Meaſures of the Raw 


pires, Parapets, Mote, Covert way, all 
its Glacis, with the Breaſt-work, 


§ 4. T HE Rampire's Thickneſs and Height mul 

| receive its Determination from the J 
mue nt of the Ingineers and Purſe of the Prince. 
Fig. 78, The Height TS, muſt not exceed 18 Fet, 
nor be leſs than 10; the Thickneſs may be 
from 50 to 80 in all Roya! Works, and accord 

ing as Earth is to be had; the Sehe of the « 

i ; War 
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| Tard Side Rampire T R, is commonly a Foot 
Ir a Foot, therefore RS the Talu, will be e- 
Pal to the Heigbt TS; fo if TS be 18, RS 
Fill be 18, if 15 then 15 Feet. 

The Outwar d Slope is generally proportioned 


a Foot for a Foot, fo if the _— OQ be 
; the Lala OA Will de 9 Fect, G. 


Net, the T hickneſs of the Parapet D M in light 
th muſt be 20 Feet, in f Harth 16, and 
© lid Rough Clay 14 Feet. Suppole it be 


Feet. 


nd Thickneſs V L 3 Feet. 
The Lizier muſt be made ſo wide as to "0h 
fort the Rampire from flipping into the Dich, 


r Ditch may be from 70 to 130 Feet, that 
Hg E to G, and the Depth IF may be 
„10 or 12 Feet, the little Ditch at the Bot- 


e as large and deep, as the Earth and Work 
vill give leave. | 
The Covert-way is left about 18 Feet wide 


Parapet muſt ſlope fo into the Campaigne, that 
 {traight Line drawn from Z the Top of the 


, may terminate Fd the Slope of the 
acts, 


3 PROP. 


The Height of the Parapet ZD owl always * 
e 6 Feet, the Exterior Height PM muſt be 4 


The Herzght of the Foot-Bank v X 1 IS 1: Foot, 


= of the More repreſented by c q g, muſt 
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5 


Js Feet, PM will be 4 Feet, MQ » Feet, LBV 
Foot, ſo will the | oy, Thickneſs LOQ be 


nd 1s taken from 3 to 1o Feet ; the More 


rom G to C, on which is placed a Parapet 
ind Bank, like that on the Rampire, which 
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nn PROP. VII. | 
How to lay down the Profile of the Work, « 
cording to this Table. 


= | Fer 
The Baſe of the Rampart R A — —— 7 la 
Height TS or OQ << —_— 
Inward Ialu RS ———————— 
Outward Talu OA — rene 
Baſe of the Parapet LQ — — 


Inward Height Db ü „„ 
Outward Height M1 
Outward Taln M 

Inward Talu LD — — 

Breadth of the Foot-bank VI. —————} 


——.ſ.— — . — U — 


r 
3 — nR 
- . , 


c 
Height of it VX ———-— —-—-—— 1m. 
The Terra Plana TT —————— M0 
The Berm or Ligier AE ———— ———— Wc 
The Mote's Breadth EG . MW: 
The Depth of it IF 
Breadih at Bottom FH — 8 
Ibe Talts EI or KG — . 
Breadth of the little Ditch cg — 1 
Depth of it —— — —— 


The Covert-way GC — —— 18 
The Baſe of the Glacis or Counter ſcarp C d- 
The Height and Breadth of the Foot-bank, and 
Height of the Parapet, as before. ———-— 


| Now to lay down this Profile do thus; dra 
a Baſe or Ground-Line of convenient Lengt 
as RSO ACG d, then by a Scale of 20 or} 
at moſt in an Inch, repreſenting Feet, tak 
out of it 70 for RA, 16 for RS, 8 for O4 
3 for AE, 112 for EG, 18 for GC, aud 

OO” "i oY g 
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fr CD, and mark them off on your Paper, as 


in Eg. 78. ſet alſo from E to I and K to G, 


12 Feet for the Talus of the More, at 8, O and 
C raiſe, and from I and K let fall Perpendicu- 
lars. Then take 16 Feet for S' T and OQ, 12 
for IF and KH, and6 for Cf, and draw RT, 
TQ, QA, EF, HG, Cf, td. Then from Q 


ſet off QL 21, LV 3, QM 2, and LD I, 


and raiſe the Perpendiculars MP 4, DZ 6, and 
VX 1.4. Then draw VX, XY, YZ, ZP and 
PQ, and make the little D:zch by its Meaſure, 
ſo is the Profile perfected. 5 

The Solid Content of thoſe EarthWorks may 


eaſily be attained by the former Rules, which 


Content being got in Feet, Divide the Product 


by 324, the Qotient ſhall be the Solid Floors 


contained therein, a Floor being 18 Feet Square 
and 1 Foot Deep. 5 . 


LITRE 


SECT. V. 


Of the Dimenſions and Conſtruct ion of Plat- 


forms, Caveleers and Camezats in the Flanks, 


4 


I. DLatforms are Plantations where Guns are 


be but one Platform, which muſt be 8 Feet broad 
next the Parapet, and 14 Feet wide at the other 
End, and their Length ſhould be 18 Feet. 
2. An Embraſure is the Port-Hole made in 
the Paraper, which towards the Gun muſt be 4 
Feet wide, and towards the Campaigne 8 Feet 
wide, whoſe Height muſt be proportioned unto 
the Wheel of the Carriage, and are 16, 18 or 20 
Feet aſunder. | 3. Ca- 


to be placed, and are commonly made of 
Plank and Sleepers, there needeth for one un to 
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center of your Cavaleer ſhall be the middþ 
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3. Cavaleers or Mounts, are Maſſy- pieces q 
Earth raiſed on or near the Rampart, above th 
Parapet, on which Ordnance and Small-ſhot max 
be planted. As to their Conſtruction I N. 
tollow the Method of Maneſſon, who places they 
in the Gorge of the Baſtion, and gives this Rul 
for it, | faith he] Lengthen out the Line 
* Defence to E, until it cut the Capital, th 


Point betwixt P and E, to wit at F, thaMl ' 
with the Diſtance of 84 Feet on the Center FM / 
* ſtrike a Circle, which ſhall be the Buſe df 

your (Cavaleer : Now its Height ought 9 
be at leaſt 20 Feet; and if the Work be to he 


a 1alr above 3 © Feet, ſo that the Diameter at 


as was laſt directed. 


faced with Szone or Brick, it needs not hare 


the Top will be about 153 Feet, whereon kt #1 
Parapet of 20 Feet Seat, and 4 Feet high, ando 
ther Pimenſions as aforeſa id, in the Rampire, and 
there will be a Terra-plana at the Top of above 
100 Feet, whereon ſix Pieces of Ordxance may 
be planted, making Embraſures and Platforns 


4. Cazemats are made in the Corners of the 
Flanks,” and are ſeveral Platforms for Guns to 
to be planted on, thereby to be hid from th 
Battery of the Enemy: As to the Conſtruction 
I ſhall follow Lanes Directions; Firſt as to 
the Form, and alſo to the Meaſure: | faith he 
* 'The Cazemate ſhall take up one Half öf the 


*. 


B is about 7, 8 or 9 Feet from the Level of 
<* the Plane of the Fort, and hath a Paſſage into 
** it from within the Fort. A, C is its Parapet of 20 
** or 22 Feet Seat, and in it let there be 3 or 4 


vc 
Er 


_ © Flank, and no more: The . Dl, 


& > 
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Fmbraſuresz D is the Part thereof moſt hid 
from the Enemies Cannon; F is the Magazine 
tor this Battery; H is the ſecond Cazerate 
the Ladder, and L the Magazine, and M the. 
Parapet ; this is to hold but one G7; M is the 
third Cazemate on the Level of the Baſtion, 
which let be all firm, in which let there be no 
rod place. The Dimenſions and Conſtrudlion, 
cording to the Method of this our Author are 


. | Saith he ] © Lengthen the Lie of Defence 
oF irom C to G ſome 40 Feet, then draw CD, 
ri /-72lle] to C f, (by Prop. 4. 1. Chap. 4.) let 
ex be half of cf, fo that c F may be equal to 
oF Ef, then from the middle of the Face oppoſed, 
vB (raw KF, and let it cut GD, in I, then make I 
ro L.and FM equal to 6 Feet, then make MN 66 
Feet, and draw NO parallel to the Flank, 
lich let be 24 Feet: Laſtly | faith he] for 
„the 07:1on or Blind, prolong the Face FT 36 


Feet, and alſo FV 36 Feet, then join T V, and 
make that Part all ſolid: So is your Cagemate 
' fiſhed : Let the Height of the lower Cage- 
* mate be 6 Feet as before, and let all the reſt 
be compleated as you ſee in the Figure. 
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Fig. 79. 


k | — — = 2 
0 = C8 CI, VI. og 
: Of the Dimenſions and Conſtructions of thoſe 


| Out-MWorks called Ravelins, Horn-works, 
Crown Works, &. = 


HE Ravelin is a certain Work lying be 
youd the Mote or Ditch, for the covering 
tne Curtain, Bridge and Gate; the Angle of the 

Ravelin 


$ 6. 
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tg. 80. 


Fig. 81. 


Eg. 83, 


lain CC, and ſetting one Foot in F, the Pgjy 


which ſhall be the Ground-Lines of the Rabel 


either with, A; 


and dividing it into four equal Parts; take one 


which muſt have a Mote Rampire, and Paraptt 


Points EE, and Fortifying the Exterior Polygon 


Q, O, P, R, E, N, be the Horn-Work Which 


Of Fortification. 
Radelin muſt nor be leſs than 60, not much 
bove 100 deg. The manner of delineating it 
thus: Lengthen out the Middle Line of th 
Curtain OM unto a convenient Length, the 
take with your Tompaſſes the Length ot the Cy 


of the Fee and Flank, croſs the Middle Line! 
q; then laying the Ruler at q, and to the Point 
F, draw the Lines of the Ravelin q R and g 


The Mote ſurrounding it muſt be half the 
Breadth of the Great Mote ; the Rampart my 
be 30 Feet thick, and ſome 6, 7 or 8 Peet 
high, on which may ſtand a Parapet equal t 
that of the Rampire. eee. . 

Now if from the Points F you raiſe ſtreigt 
Lines into the Campaign, at Right-Angles to th 
Curtain, and from the Points F ſet off F E, and 
FE 720 or 750 Feet, then may you join EE 


Single Tenaile : which is done by Joining EE, 


and place from D to N, and fo draw EN and 
EN, fo have you a S:g/e-Tenaile TENELWMT 


like the Ravelin. Secondly it may, if occahion 
require, be Fortified with, A; 
Horn-Work : which 1s done by joining the 


EE as is afore taught : Or divide EE into three 
Parts; make ME, and EN equal to MO; then 
draw N M, which divide ſo likewiſe at O and 
P; then draw EO and EP; then at P and 0 
raiſe Perpendiculars O Q and PR, fo ſhall M. E, 


Was 
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4+ Ceſired : which muſt likewiſe have ſmall 8 6. 
mpires and Parapcts, as atore. 5 | 
For the Crown-Work From the Center of 

e yt Odraw OMB of a convenient Length, 

den from the middle of the Rade /in ſet off 1000. 

r 820 Feet to B, then on q, ſtrike the Arch 
BE, ſet off the Curtain and Demi-Gorze 
"CC, from B to F, and G both ways, then 
au C F and CE, to terminate the Points I 
nd H on the Counter ſcarp; then take + Part 
BF or BE, and ſet it from B to M, and 
om F to L, and from E to M; then draw 
LM, and MN; then for your Dem-Beſtions 
mke NP and LO equal to NE, Cc. Then 
br the Demi-Gorges of the whole Baſtion in the 
Middle, let them be equal to; of the Interior 
pH LM or MN, viz. MY or MX; then 
nth the Baſtions by drawing the Lines of De- 
"ce, and raiſing Perpendiculars, or making 
heles of 98% at O, X, Y, and P, then the 
(rown-work is finiſhed as defired. You may 
make Ravelins and other Works (beforementi- 
med ) before theſe Curtains, if occaſion require. 
ere are ſome other Works which are uſed ; 
s Half-Moons, Bonnets, Double Tenails, Counter- 
jvards, Horſe:ſhooes, Prieſts-Caps, &c. which 
would be ſuperfluous to ſpeak of in this Place. 


Fig, 84. 


5. Cittadels are Caſtles or Forts of the leaſt 
q rt, and are the Out-w¾orhs laſtly uſed, which 
we * commonly of 4 or 5 Baſtions, „ | 
mag $ ui ale 
and are placed in ſuch Order, that 1 * 4 
tere may be two Faces and a (ur- the Burgbers ſhould be 


ain towards the Town : the Conſtru- rebellious, and to be the 
lian whereof is after this manner: 100 He or place of re- 

engthen out the Line OM, and * 
| therein 
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6 6, therein find the Center of the Cittadel, the | 

| terior Polygon of the Pentagon may be; of tl. 
Curtain adjoining, or a little more; the Ceny 
of the Square may be on P the Point of th 
Interior Polygon, the Center of the Hexayy 
may be near the outward Point of the Ba. 
of the ow”, taken away to make the Cty] 
in, which may be delineated as afore : Thi 
Motes and other Works in proportion accord 
ingly, and the Rampires as high as thoſe of th 


Cty or 1own. 


5 
* 


SECT. VII. 
Of ſome Maxims or Rules neceſſary to l 
known in Irregular Fortification. 


6 7, IFeegular Fortification is when any Town 0 
Place 1s to be Fortified, which lieth in a 
Irregular Form; i. e. whoſe Sides and Aug 
* The Ingineer muſt firſt * unequal Ul the Fortifyin 
form à Map of the Town or of Ir regular Figures *. I ſhal 
Place, with all the Ways, Pa here {ay very little, only ! 
(ase, Old Walls, Rivers, ſhall lay down ſome Precepts 
Pools, E-cljures, and all 0 that are of immediate concert 
10er matters fit to be known . Tod . | 
in the Draught, and then he III Fortitying of Irregular Fi 
is to deſign what Mors he gures, and ſhall refer you to 
fundeth moſt agreeing to the peruſe Marlois, Dogen, Fritadh, 
Hier to IE Fan.  Taurmer, Dilichins, 8c. which 
will greatly fatisfie and help you: To tus 
end know, RE 1 | 
1. That the ſame Laws and Maxims for Re. 
gular Fortifications ſtand and be in Force for 


Irregular ; i. e. that the Line of Defence wult 
not 
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I exceed the Port of a Masket, nor the An- 
A; of the Baſtion be leſs than O, nor much 
Move 90% Oc. rg 

+ : That no Inward Angle of the Place be leſs 


Fat Point may be made the Oztward Point of 
, Baſt / ON | | 


-itions, there is no other Difference, but by 
itying the Sides that are too ſhort, or too 
Ing, and altering the Auges that are too 


nd under 1000 Feet, they may be Fortified 


er, at the Extreme Points thereof; But if the 
e be between Io00 and 1700 Feet, then 
the midſt you may place a Plat-Baſtion, and 
the Extreme Points place two Baſtions, as 


u may lengthen it, by producing it into 
h. For the Raiſing the Ramprres, Parapets, 
ul other Out. or s, they are to be as in the 


re the Curtains, as was before mentioned. 
4. That the Capital, in any, Regular or Irre- 


her Diviſion or Separation, on which the 
ue Length of the Capital muſt be placed, 
rach obſerve for a general Rule. | 


an 905, if it be ſo it muſt, be altered, and 


1. That between Regular and Irregular For- 


ine; as for the S:des, if they be above 500, 


V Baſtions placed according to the uſual man- 


core : But if the Line be leſs than 500 Feet, 


„ 
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te Plane © As for the Angles, they are made 
reater or leſſer, according as occaſion requi- 


ular, and the Out-wor may be placed be- 


war Baſtion, is found by dividing the Angle of 
4 WW: Po/y2o7: into two equal Parts (by Prop. 7. 
c Chap. 4.) and by producing the Line of 
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„ 
Of the Dimenſions and Con ſtruction of ſmall n 
or Sconces, which are built for the Defu 
of ſome Paſs, River, or other Place, 


7 HEN they are made Regular, of 4, 
1X or 6 Baſtions, then they may be Foy 

tified by the precedent Rules, but there 3 

others of ſmaller Dimenſions fit for the fam 
Purpoſe : vig. Triangle with Dem-Baſhon 
Square with Dem-Baſtions, Parallelograms wi 

Demi-Baſtions and Tong, Star-Redoubts of ſo 

hve or fix Points, and Plain Redowbts. 
Fe Nr 

To Fortifie a Triangle with Demi-Baſtions. 
This Triangle may conſiſt and be compre 
hhended of three equal or unequal Sides in thi 
Fir, 84. . Example : let it be an Equilateral Tru 
: PPP. Now divide PP into three Parts, the 
take 1, and prick off tlie Capitals PA, Cc. ant 

the Gorges make equal thereunto, as PC, P 
Cc. then make the Flanks FC to ſtand at Right 
Angles, and to be 4 of PC or PA, then drav 
the Faces AF, AF, Cc. and the Work is f 

niſned as required. _ MM 

e eee, . 1 

I Fortifie a Square with Demi-Baſtions. 
I))he Sides of the Square may be from 109 fl 
200 Feet, let PP be 180 Feet, which divide in 
to 3 Parts, take one for the Gorges PC, and fo 
the Capitals P A, and rick them off all rounc 
= N : -Y 
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z you ſee, then take + of PP, and at Right-An- 8 8. 
le prick off the Fange CF, then draw the 
tes AF, AF, c. and the Figure is compleated. 


_s PROP. XI. * 

I Fortifie a Parallelogram with Demi-Baſtions 
and Tong. VVV 
Firſt deſcribe the Parallelagram or Long- Square, 

PP, then divide PP into 6 Parts (the Side on 
which the Tong, or Tenaile, is placed) and make 
C equal unto + thereof, and alſo MG and 
MH. Draw CG, GC, and CH, H C, then fi- Eg. 86. 
ih the Demi- Baſtions as before, ſo ſhall the 
Work be compleated as was required. A Long 
Ware may allo be Fortified, as Fig. 77. 
"PROP. Wt Ef 
To Fortifie a Star-Redoubt of 4, 5 or 6 Points. 
I. A Star-Redoubt of Four Points may have 
bs Side from 40 to 60 Feet: Firſt deſcribe the 
Ware PPPP, then divide PP into two Parts at 
I. take 5 of PM, (and by Prop. I. 1. Ch. 4.) Eg. 87. 
mſe Perpendiculars round at M, make MA 
qual to & of PM, and draw all as in the Figure. 
2. A Star-Redoubt of Ewe Points is thus Forti- 
fed. Deſcribe the Pentagon PP, &'c. then divide 
IP into halves at M, raiſe the Perpend:iculars 
WA, make MA equal to + of PM, and draw Ei 
tte Fort in all reſpects as the Figure repreſenteth. FE. 88, 
3. A Star-Redoubt of Six Points is thus For- 
fed. Deſcribe the Hexagon PPP, Cc. divide 
IP into two equal Parts at M, then raiſe Per- 
jendiculars at the M“, then make MA equal 
b of PM, or 4 of PP, and draw every re- Egg. 89. 
ſpective Line, as you ſee in the Figure. 
SAD - i PROP. 


Fg. 90. 


3 and the Motes, are alterable and uncertain, for 
they being ſometimes uſed in Approaches then 
they do require the Breaſt-work at the Bottom 


L Limitation TI am mon to, wall not permit here 
to o be freates of... 


5 91. 


Which are uſed as Batteries in Approaches, whoſ 
Side may be from 60 to 80 Feet, or Petit ha 


in the Trenches, and may be from 20 to 5 


| ſpedts, as you ſee in Fig. 90. 


6, and the Exterior 5 Feet, and the Mate to 
be either 8, 10 or 12 Feet, ſometimes 14 0 
20 Feet wide at the Bottom. and the Height 
of 7, 8 or 9 Fret, to have two or thre: 
- Aſcents to riſe to the Pazapet. There are many 


of Military Orders, or the Embattelling and 
07 the Enbrtetn and 1 70 of Sollin] 


40 MY 
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PROP. XIII. 
To Delineate a Plain Redoubt. 


Plain Redoubts_ are called. Grand Redoults 


doubts, which are uſed for a Court of Guards 
Feet, and are framed and delineated in all re 


The Profiles to be ſet on theſe ſeveral Works 


to be 7 or 8 Feet wide, and the [-terior Heylt 


other things belonging to this Art, whuch tle 


n —_— 


CHAP. XIV. 


. of Soldiers. 5 
8 EC; 1. 


1 


3 


— 


ATTAILS are conſed dered either in re. 
k /pedt of the Number of Men, or in rejped 
of the form of * ound, In the refpet a o 


| 
»- 
© = < « 
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Of Military Orders. 


e Number of Men, it is either aSquare Battail, 


luces are 7 Feet diſtant aſunder, both in Rank 


le; or elſe 3 + Feet in Rank, and 5 Feet in 


P R O P. I. 


in Rank, how many mult there he in File ? 


Divide the Whole Number of the Army by 
be Aſſigned Men in Rank (or File) the Quote 


unk.) 


P R O P. II. 


Battail of Men. 


place 127 Men in Rank, and alſo in File. 


T 2 PROP. 
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Double Battail, a Battail of the Grand Front, 
a Battail of any Proportion, of the Number in 
ank to the Number in File. I reſpet of the 
wm of the Ground, the Battail 7s either a Geo- 
trical Square of Ground, or a Long Square f 
und. For the Diſtance or Order of Soldiers, 
rtialled in Array, is diſtinguiſhed either into 
pen Order, which is when the Centers of their 


nd File, or Order; which is when the Centers 
the Places are 3 5 Feet diſtant both in Rank and 


' place any Number of Soldiers (ſuppoſe 36000) 
a ſuch Order of Battail, that there ſhall ke 
oy Number in Rank or File. Sufprſe 500 


12) is the Number that will be in Fe (or 


Io Order any Number of Soldiers into a Square 


Admit it were required to Martial into a 
dJuare Bat tail 16129 Men: To do which, ex- 
act the Square Root of 16129 (by Prop. 8. 
„I. Chap. I.) which is 127, therefore you are 


Fr. 
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51 


à2 Double Battail, extract the Root of half th 


To Order any Number of Soldiers into a Double 


File, and 184 in Ranꝶ, to order that Number 
of Men propounded into a Double Battail. 


ſay 65 muſt be placed in File, and 260 in Run, 
to form a Battail of the Grand Front. 


the Ground. According to Prop. 1. C. I. Cb. 
ſay, 4s ——7 to 3; So 1 2500 to 1071, H. 


32 Men are to be placed in File, Now to find 


Of Military Orders. 
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Battail. 
Admit 16928 Men were to be Martialled int 


Number of Men; i. e. of 8464, whoſe Root is 9, 
therefore I ſay that 92 Men muſt be placed in 


PROP. IV. | 
To Order any Number of Soldiers into a Baitail 
of the Grand Front. Om 

Admit 16900 Soldiers were to be Martiallel 
into a Battal of the Grand Front, that is, Qua- 
druple. Extract the Square Root of 4225 (that 
is ; of the Men) the Root is 65; therefore 


or. . - 

Any Number of Men, together with their Diſtance 
in Rank and File, being propounded, to Order 
tbem into a Square Battail of Ground. 
Admit 2500 Soldiers were to be Martialled 
into a Square Battal of Ground, in ſuch fort 
that their Diſtance in File ſhould be J Feet, and 
in Rank 3 Feet, and tis required to know how 
many Men muſt be placed in Rank and in Fit 
to draw up 2500 Men into Square Battail 0 


whoſe Square Root is. 32, c. therefore I fa 


hour 


n 
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bor many Men are to be placed in Rax, Di- 


vide 2500 by 32, the Quotient is 78, which 
are the Number of Men to be placed in Ra, 
and 4 Men to be diſpoſed elſewhere. 


NSN 


I Number of Soldiers propounded, to Order 
them in Rank and File, according to the rea 
ſon of any two Numbers given. 


Admit 6400 Soldiers are to be Martialled in- 
to Array, in ſuch Order that the Number of Men 


placed in File, ſhall bear ſuch Proportion to 


the Number in Rank as 7 to 13; ONS to 
Prop. I. F. 1. Chap. 1.) ſay as 7 to 13; fo is 
(400 to 11885, Cc. whole Square Root is 109, 
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Fc. the Number of Men to be placed in Razk, 


by which divide 6400, it produces, 58, Cc. 


the Number of Men to be placed in File, and 


13 Men to be employed elſewhere. 


„„ — _ 2 


2 — 2» 


SECT. II. 


Caſtrametation, or Quartering and ” 


camping of Soldiers. 
[N Puartering and Encamping of Soldiers, it 
is requiſite the Quarter-Maſter General, and 
all other under 24arter-Maſters, be skilled at 
Eot-Meaſure, that ſo they may lay out their 
Warters as directed. 


The common Allowance for the Depth: of 


Ground, that a Regiment of Horſe or Foot will 
take up, the Wideneſs muſt be anſwerable to 
the Number of Men 200 Feet for the Hats in 

14 Length, 


— 
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8 2. 


which becauſe of Ways may be allowed 3 Aan 


for 40 Men, which is 3200 Feet, ard for the ty 


ſo that for a Regiment of Foot containing 100 


 High-ways, and all take up a Square of 360 fe 
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Length, and 100 for the Commanders and $y 
lers before them; every two So/diers to a Hy 
8 Feet broad, and 8 Feet deep, 2 Feet Hut fron 
Hut, ſo that there may ſtand 20 Hyts in the 2% 
Feet, the Alley betwixt Hut and Hut may he} 
Feet, that is 16 Feet in width, and 200 in Lengh 


1 
1 
lo 
il 
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Feet more, 1600 Feet, in all 4800 Feet, al 
there muſt be 25 Rows of Huts for 1000 Ma; 


Men, with Oftcers and Sutlers, will take 
120000 Feet, which is 2 Acres and 3 Ro 


ot Ground for every Regiment, which may k 
350 Feet deep and 370 Feet wide, or near 30 
Fect Square: Now if 1000 Men, Officers, Sutler, 


how many Feet ſhall the Side of a Square þ 
wherein T0000 Foot-men, &c. may be encampel) 
ſay (by Prop. I. Chap. I.) as Iooo to Too; 
fo is the Square of 360, vis. 129600, ti 
1296000, the Square of 1138 Feet, which ö 
very near 30 Acres of Ground. a 

For the Quartering of Horſe, you muſt ke 
the ſame Depth of 300 Feet for all, and tak: 
200 Feet for the Hats, the Horſe-Huts mul 
be 10 Feet deep and 4 wide; ſo that 12 Horſe 
may ſtand in one Hut together, which is 48 fert 
long and 10 wide, and 6 Feet a Street; The 
Huts for the Troops, will be 6 for 12 Troops; noi 
conceive a Regiment to conſiſt of 8 Troops, 50t0 
a Troop, it will take up, leaving 20 Feet Streets, 
and Croſs-ways, very near as much Ground a 
a Regiment of Foot, Ways and all muſt be allow 
3 Acres, near 360 Feet Square, ſo that rok 
A e NN Mell 
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nts of Horſe will take up 30 Acres: More- 5 2. 
er, it will be needful and you may very well 
low as much Ground as both Horſe and Foot 
1] take, for the Train of Artillery, Victuallers, 


ut 
ut 


Vil, 
1 


% Places, &c. From theſe Conſiderations 
young Beginner, nay even the better pra- 
ed Soldier may receive Help, and thereby be 
M bled to Encamp an Army if required, 


) 
00 


(CHAP. IV. 
of GUNNERT. 


— Q_ 


"ET 
Jf the Names of the Principal Members of 
%/ôͤ;ũ 88 


De fin. CANNON is a long round CT 
A Body, either of Br aſs OT Tron, | | 
| formed and made hollow by 
rt, and Proportion, to offend afar of, with a 


20: of Von, Stone, or any Artificial Subſtance, 
Charged with Gun-Powder, in it's charged G- 
ut Winder, which being fired, in an inſtant performs 
er Wits defired Effect. This Machine 


AY | . This Military Engine 
was invented by an Eng//h-man, Bombarda, then Conga, 
and firſt put in Practice by the acc. þo called from Bom- 
Venetians againſt the Genoweſes at * 4 e _— 

> >! "EE Cannone, or Cannon, from 
Onezza, Anno 1376. | : | the likeneſs it holds with . 
his Canna, Bore or Concavity; Artegleria, from Artiglio, the Talons or 
Claws of Ravenous Fowls, becauſe its Spot fling afar off, rears and de- 
jaces al thay it doth meet; from whence ſome? Natures of ths Machine are 
alea Smeriglii, long-winged Hawks, Falcoui, Falconers ; Paſſa volant!, 
[wift fhing Arrows, ; xc. 2. The 
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Fig. 91. 


of Sunnery. 
2. The Superficies of the Meral, is the Ou 


ſide round about tlie Piece. 1 

3. The Body is the Subſtance of the win] 005 
Mats of Meta. . 
4. The (5% is the Concavity of the pf 
in which they put the Charge. ul 

5. The Muggel is the Extremity of the Chi | 

by which you load and unload the Piece. " 
of 6 The Calibre is A B the Diameter of 1M” 
Muzzel or Mouth. 
7. The Touch- hole is that little Vent whic « 


Chamber of the Piece, made to give fire to the 


or Go as D. 


Fig. 91. 


cies of the Piece at I, the Baſe Ring is KLG 
the Reinforced Ring 1s M, the Trunnon Ring i 
N, and the Corniſb Ring is 


Jined to be deſcribed along the Chaſe Paralll 


. the Breech or Coyl. 


the Exterior Superficies of the Gun, on whid 
he moves in the Carriage, as EE. 


prehended Sine the Center of the Trunnin: 


paſſeth from the Convex Superficies to the w 


Powder within, as C; that which encloſeth the 
Extremity of the C baſe e about the Touch. holt 


The Caſcabel is the Pammel at the Breet 


The Trunnions are pieces of Metal fixed unto 


The Body of the Piece is that which is com- 


and the Caſcabel EG. 
The Vacant Glinder 18 comprehended be 
twixt the Center of the Trunnions and the 
Mug zel, as EB. 

The Frees or Muzze! Ring, is that thick 
Corniſh which encompaſſeth the Cynbex Super. 


The Line of the Offinder | is 2 direct Line im. 


un. POE TT nn—_—_ _—— — 


unto the Middle of the Chaſe, as * Th 


Of Gunnery. 
The Line of Metal is a Line touching both 
Crniſhes, as MNI. 5 [EE 


The Diſpart Line of the Piece, is the Diffe- 


— 


nd Baſe Ring, as the Line IH. 

The Vent of the Piece is the Difference be- 
rut the Diameter of the Shot and the Mouth 
of the Piece, as e d. | : 
Part of the Chaſe towards the Touch-bole equally 
large, nor narrower in one Place than in ano- 
ter, and doth contain the Powder and Ball. 


—_— 


SECT - 
| and other Or dnance, &c. 
[ the following Table J have ſet down the 


(rdnance, the Diameters and Weight of their 
bullets, the Length and Breadth of their Ladies, 
tie Weight of Powder to Charge them, Cc. 


PROD. I. 


How to know the different Fortification of a Piece 
of Ordnance. | 


In fortifying any Piece of Ordnance there are 


Length and Weight of our moſt uſual EAgliſop 
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rence betwixt the Semidiameter of the Mage! 


The Chamber or Charged Cylinder, is that R 


(f the Dimenſion of our Uſual Emaliſh Cannon, 


$ 2. 


three Degrees obſerved, as firſt Legitimate Pieces, 


which are thoſe that are ordinarily Fortified ; 
ſcondly Baſtard Pieces, which are ſuch whoſe 
tortification is leſſened ; thirdly Double Fortified 
Pieces, or extraordinary Pieces, 1 


The 
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,xccounted, by the Thickneſs of the Metal, at 
te Touch-bole, Trunnions, and at the Muzzel, 
proportion to the Diameter of the Bore. 

The Legitimate Pieces, or the ordinary Forti- 
l Cinnons, have g at the Jouch- hole, at the 
unnions, And ? at the Myzzel of the thickneſs 
if the Bore, in thickneſs of Metal. Baſtard 
ons, or tefned Cannons, have 2 at their 
[wch-ho/e, or ts, and x3 at their Trunnions, and 
at their Muægel: the Double Fortified Cannons 
ave full one Diameter of the Bore in thickneſs. 
Metal at the Touch-hole, and 42 at the Trun- 
mrs, and rg at their Myzzel. Now all Double 
Ertified Caloerins, &c. are ; at the Touch-hole 
vat the Trunnions, and 2 at the Mug zel, an 
E Ordinary Fortified Culverins, are Fortified 
wery way as Double Fortified Cannons, and leſ* 
wd Culverints as Ordinary Cannons in all reſpects. 


lim to know how much Powder 1s fit for Proof, 
and what for Service for any Piece of Ordnance. 


For Cannons take; of the Weight of their D 
Bulet of good Corn Powder for Proof, and for 
&rvice 1 the Weight of the Iron Bullet is ſufficient, 
epecially for Iron Ordnance, which will not en- 
lire ſo much Powder as Braſs ones will receive 
by 3 in Weight, for Ce/verins allow the whole 
Verght of the Shoot for Proof, and 2 for Ser- 
rice. For  Sakers and Falcons, take ; of the 
Weight of the Shot, and for leſſer Pieces the 
whole Weight may be uſed in Service, until they 
grow hot, but then there muſt be ſome Abate- 

e ment 


The Fortification of any Piece of Ordnance, 9 2. 


h 2. 


To Ano what Bullet is fit to be uſed in 


this Vent is too much for a Falcon, &c. and tc 


* In hu 
Mathe- 
matical 
M.mual. 
Page 165. 


10 know that. any other ſhall weigh. 
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ment made at Diſcretion, and take 1 okt 


ming of the ſame bigneſs, ſhall bear ſuch Pro 


=— 


9 Gunnery. | 


Weight of their Iron Bullet for Proof, 
PROP. III. 


Piece of Ordnance. 1 5 
The Bullet muſt be ſomewhat leſs than 
Bore of the Gun, that ſo-it may have Var; 
the Diſcharge; ſome Authors afhrm & of an Ine 
leſs than the Bore will ſerve all Ordnance, b 


little for a Cannon therefore I approve the 
not, but commend Mr. Philip's: Proportion 
to your Uſe, which is to divide the Bore of t! 
Gun into 20 equal Parts; and let the Diunet, 
of the Bullet be 23 thereof, according to whi 
Proportion the precedent Table is calculated. 
. tt PROF. V. 
By knowing the Proportion of Metals one to ant 
ther, and by knowing the Weight of one Bal 


The common receiveT Proportions for I 
TG 2 eg 8? 
Lead is to Iron as 2 to 3. 
Lead 1s to Braſs as 24 to 19. 
Lead is to Stone as 4 to I. 
Iron is to Lead as 3 to 2. 
Iron: is to Braſs as 16 to 18. 
Iron is to Stone as 3 to 8. 
The more exact Proportion betwixt Metal 
are thus known : Admit a Cube, or Ball of Gold 
weigh 100 J. a Cube of any of thoſe Metals er 


portion as followeth, to the ſaid Cube of es of 
- | | 1 


} 
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t li. pts. . $4 
= 100 o | Iron Ee - | 
mckſulver 71 43 I 38 95 
W Tr 60 53 | Stone 15 80 
de / 54 39 | Water 905 68 
Fraſs . OT 


It is the Opinion of Dr. Wybard in his Ta&o- 
tria, that a Bullet of Caſt Iron, whoſe Diameter 
;4 Inches doth weigh 9 J. Averdupoize Weight. 
Now to find what any other Bullet or Cube 
hall weigh; ſay (as in Prop. 4. Chap. I.) As 
he Cube of the Bullet propounded, is to his 
Weight, ſo is the Cube of another Bullet given, 

0 his Weight, and fo obſerve ſtill this Pro- 
hortion. | 


a PR 1 4 * a wy * 


EE 


the Qualification of an able Cunner, and 
weceſſary Operations before Shooting, and 


in ſhooting. 


A Gunner ought to be a Man of Courage, 5 3. 

Experience, and Vigilant; he ought to 

ave good Skill in Arithmeticꝶ, to know the Ex- 

action of the Roots, &c. He ought to have Skill 

n Geometry, to take Heights, Diſtances, &c. to 

mow the Diviſions and Uſe of his Circle, Qua- 

rant and Quadret; to know how to level and 

0 lay Platforms, and to raiſe Batteries. He 

muſt know the Names of all forts of Ordnance, - +. 

tir eight, the Height of their Bore, the Height & 

nd Weight of their Shot, the Length and Breadth "i 

their Ladles, how much Powder to uſe for {4 
| oe: Proof 8 


Hole, Fellows, Nails, Fellow-bars, & tirrops, th 


to make Spunges, Powder, Shot, Needles, Thrud 
Paſte and Starch, Marlin, Twine, Nails, Hal 
piles, Crows of Iron, Granado-ſhells, and Mate 


 non-Baskets, &c. Theſe being general things he 


How tv Tertiate, 


Hole and Neck; if the Trunnons and the Net 
are in its due Order, and the Chaſe ftreight. | 
2. To Nuadrate a Piece mounted, is to fel 
whether it be directly placed, and equally pa 7 


the Linſpin, the Shafts, the Thill and Thill 
the Fore-lock and Fore-lock-keys, Cap-ſquares, tl 


following Parts of his Art: As, 


Of Gunnery. | 
Proof and Aclion; The Shoots Level and t 
Shoots Random; He muſt know the Name; 
all the Members of a Piece of Ordnance ; he n 
allo know the Length, Thickneſs and Bread 
of all manner of Carriages, and muſt knqy 4 
the Parts thereof: viz. the Cheeks br Sides, ff 
Ax-xee, Spokes, Nave, Hoops, Tranſomes, Bal 
Plates, Drawing-Hooks, the Clout, the Hol: fo 


8 


= D cw 


- 


Fere-lock-pins and Chain, the Pintle and Bl 


Rats of the Wheel, Dowledges, Beds, Coins, I, 
vers, Hand-ſcrews, &c. He muſt alſo kno 
how to make his Ladles, Spunges, Cartridpes 
whether of Paper or Canvas, and to have h 
him Formeres of all forts, Sheep-skins undre 


rials for Compoſition, Faſces, Budg-Barrels, Cu 


is to know, and at all times to have ready h 
him, and he is more particularly to know thel 


PROP, I. = 

Hate. Quadrate, and 20 Diſpart : 
Piece of Ordnance. © „ 
I. Io Terizate a Piece, is to find whether it 
bath its due Thickneſs at the Trunnons, Tout 
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the Carriage; which is known by finding in 
Convex Super ficies of the Baſe and Myzzel - 
17; the Point which is Perpendicular, over 
c Soul of the Piece: which may be found by 
> Gunner's Inſtrument, called a Level; an 


it it needeth not my Explanation. 
. To Diſpart a Piece, is to fix or elevate on 
2 Convex Point of the Muæ zel Ring, a Mark 
far diſtant from the Cylinder, or Soul of the 
ze, as is the Point of the Baſe-Ring; to the 
| that the Vi/zal-ray which paſſeth by theſe 
aks, may be Parallel to the Chaſe, Soul, or 


Difference of the Semidiameters of the Cor- 
tes, may be by a pair of Calliper Compaſſes 


e Corniſh Ring near the Muzzel, over the mid- 
eof the Inferior Cylinder. | 
: PROP.'It 
ſhoot, &c. 
As to the ſeveral Shootings in Artillery, Au- 


Ms, but they all unanimouſly agree that the 
| being ſhot forth flies through the Air, with 
Violent, Mixt and Natural Motion; deſcri- 
nz a Parabolical Line, in whoſe Beginning 


idle Curved : In the Beginning the Impreſt 
ce driving forward by the Fire, the Natural 


led the Direct Line, or Ranges of the Balls 


cit. 


frument whoſe Uſe is ſo vulgarly known, 


Inder of the Piece. Now the Diſpart, i. e. 


ained : Which found, place on the Top of 


1 know how far any Piece of Ordnance will 


ors differ much in their Judgments and Opi- 


id Ending are Lines ſenſibly ſtreight, and in 


Fig. 92. 


rity of the Ball doth deſcribe a Right-Line, 


U In 
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6&3, In the Middle that Force diminiſheth, 2 
the Natural Gravity prevaileth, ſo that it deſa 
bet a Curved Line, called the Ball's Middle f 
* Fee Mr. ical or Conical Arch*; In the End the Narr 
Diggin Þs Gravity overcoming the Impreſt Violence, (whid 
N becomes altogether weak and faint) deſcribes 
179. _ * new Right Line, called the Ball's Declining Lin 
in which the Ball tends towards the Center 
the Earth, as towards a Place natural unto x 
heavy Bodies: See Figure 92. Theſe Motin 
are ſomewhat longer, according as the Pie 
mounted from the Leve/ unto the Angle of 
deg. which is called the U:moſt Random: II 
Elevation of which is regulated by the Gunne 
Quadrant, the Uſe of which Inſtrument is | 
generally known, and by ſo many Auth 
tully explained, that I here crave Leave to 
mit it: But take theſe for General Rules, 
General 1. That a Shot at Right-Angles frites no 
Rules t be violently and furiouſly than at Oblique Angles 
_ us therefore Gunners #ſe, when they are to Bat 
ing downof down a Tower, Wall or Earth-work, r ſhoot Po 
a Place, or BYank at the Objef, Tire by Tire; by diſchu 
making of ging all the Pieces in the Battery againſt the ſel 
Breacies. (ame Object in the ſame Inſtant, holding it to 
Maxim, that Ten Cannons diſcharged tageile 
do far more Execution than diſcharged one fit 
another. Now at Oblique Angles they ſhoc 
either Croſs-ways or by rebounding. © 
2. That the ſpeedieſt way to make a Breach" 
Wall, Cc. 7s by booting at the Objell from Tu 
Batteries, which ruins far more ſpeedily that 
Ariking the Object with one Battery at Right 
Angles, although that one Battery hath as 10 
Cannon as the other Two hath. 7 
3 | | 3. IH 


WG . 901 


. That if you were to batter a Flank covered d 3. | 
ith an Orillion, ( which becauſe you cannot poſe | = 
00 Batter it riabt forward) you mult therefore 
(nece/fity Batter it Obliquely, by way of Rebound- Accord. 

thus: Chuſe a fit Place in the Curtain to 75 5 7 
your Ohjecl, on which you may play with D Chales, 
aur Battery Obliquely, ſo that by a Rebound on the 4th 
r Shot may leap into the axis holding for Prop. of 
| Maxim, in this Operation, * Thar the Angles "* 6575 
(Incidence and Reflexion are Equal Fuclid 
Now we come to ſhew the Length of the 
br Range, of all our Common Engliſh Ord- 
ce, which is ſet down in the precedent Ta- 
, in which the Cannon exceed not 185 Paces, 
. Eſteeming tne Pace 5 Engliſh Feet, nor his 
moſt Random above 1850 Paces, which Table 
ſheweth for all other Natures. | 

As tor the Ranges and Randoms, to the ſeve- 
| Degrees and Points of Mounture of the 
ludrant, J have hereunto annexed ſome Tables 
culated by the Experiments of ſundry moſt 
ninent Artiſts, whoſe Works will perpetu- 
their Worth and Name to ſucceeding Gene- 
Nations. | | SCE ET, 
The Uſe of the following Table of Randoms. 
This Table is moſt agreeing to Cannons and 
berins, and the greateſt fort of Ordnance, 
e Uſe whereof is thu ß 
Admit a Saker to be mounted to 3 deg. ſhoots 
le Bullet 323 Paces, how far will it ſhoot be- 
g mounted unto 7 deg £ Say (by Prop. 1. Chap. I.) 

As 510 the Tabular Diſtance for 3 deg. of 
Wunture, to 323, the Diſtance found; ; 
8 is 934 the Tabular Diſtance. for 7 deg. of 
Wunture, to 591 3, the Diſtance required, 

= 0-2 which *_ 
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$ 3. which the Saler, according to this Ex 
ſhall ſhoot at 7 deg. of Mounture. 


A Table of Ranges and Randome, to the ſan; 


periment 


Degrees of Mounture of the Quadrant. ij 
F 5 . | 
A TABLE OP 
| Right Ranges, or | | Randoms, or the 
5 Point Blanks. Firſt Graze. | 
ES: e 
14 769 2 x] . 298 
| 8 = 8 7 2] Y 4 
F 21 10 
I 35 
5 3 278] |E 5|E 7m 
» 672 2s 1 
= 8 S IF 
2 218. 302 S 1e 2 
ot — 8 320 Tg 8 J 1044 
r BB 8 1129 
of D Io |.v 354 T 
| 20 S 454] [ 20 C won} 
|= 30 * 693 230 F 2185 
40 855 40 » 2299 
18 50 | & 1000 | | 50 I 2283 
| = CG] 1140 E 88 1792 I 
KR 2 8 
70 C 1220 0 N 1214 0 
801 1200 5 ; 80 1000 0 
go! %%% 1560-1355 551} | 


Mr. NYE in his Book of Gunnery, Printe 
Anno 1647. faith he made an Experiment by 
Saker of 8 Feet long, which he loaded wi 
Three Pounds of Powder, of an exact Wag 
both Powder and Wad at every Charge, eve 
time ramnung it down with three equal {troak 

as near as Poſſible ; but on the Buller he put 
IWad, becauſe the Saker was mounted; 


; 
0) 
: 
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he made four Shoots, each of them half an 
ur after the other, that ſo the Piece might 
of equal temper, and mounted his Piece to 


. 


J 7 deg. 10 deg. and found theſe Randome. 


At 1 Dee. the ee ts was 225 | 
At 5 Deg. the Random was 416 x 
At 7 Deg. the Random was 505 Paces. 
At 10 Deg. the Random was 630) 
According to which Experiment, he framed 
is Table of Randoms. 
Dee. Paces . De, © Paces 
0 2085 | 8 81 | 
% 0013 1) 
323" | #. © $89 
| 370 .þ 40 630 . 
„„ 


wt - I ID MW 


(tin HE XA M in his Book of Gunnery, 
15 tor the firſt Degree of Mounture, thereby 


rutmoſt Random, and this is his Rule to per- 
Im it. Firſt find how many Paces the Cau- 
n will ſhoot being laid level by the Metal, 
which by him is accounted 1 deg.) Then di- 
Nd: the Diſtance found by 50, then multiply 

Quotient by 17, fo ſhall the Product be the 
eateſt Digre/fron, or Difference betwixt Ranges 
ny Ranges ; which being divided by 44, the 
Kotient giveth the Number of Paces, which 
uk Ballet will /oſe in the other Ranges, from 


nte 


by 
121 


Ve 
Da 


ut 


th 


> four Degrees of Mounture, viz. 1 deg. 5 


ind the Random for every Degree to 45 deg. | 


203 


$ 3. 


avs how by fiuding out the Random of a Can- 


WY” Degree 
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Degree unto Degree; according to this Ru 


bits Teble 3 is ca ulat ed. 


| 
A Table of denden to 45 Dm: account 


ing a Pace 2 4 Foot. | 


* 


82 bay ff hd hf hn nf fn uf | | ns 
OD ON AO ON Se 


— 


4 


| 10/6 
+ . dJI bu! 


| 2 * Paces. . 


0775 


1000 


1220 


1435 
1645 
1850 
2050 
| 2245 


2435 
2620 
2800175 
2975 17 
3145 
3310 
3470 
3627 


13775 
| 3920 


4060 
1499 


4.325 


| 4450 
4570 1 


o 


b. Moan. | 
23 
24 
25 
|” 26 

27 
28 
29 

3 


Paces. 


4685 


4795 
4900 | 


5000 
5095 
5185 


5270 
5350 
| 5425 
5595 
5560]. 
5620 


5675 

5725 
5770 
5810 


5843 


1 8 —— —— GH —̃ — =5i 


2 cc” K. CSS r,.._ 


1 


a 


Of Gunnery. 


] have hereunto alſo annexed the Tab/e cal- 
ulated by Alexander Bianco, for all forts of 
O lnance, (which Table I account one of the beſt 
that was ever yet found Extant ) In his Work 


Prunted 1648. 


„ 


—— 


This Mortar is 
Os, as you fe 
8 


| Table of 1 for the 6d Six Points 
of the Gunner s Quadra. —_ 
Points. 1 1 1 4 6 
falconet. 375 637 795 885 892 980 
Fulcon. 550 93511166 125411309 1320 
Minton. 450 765 954102611071 1080 
daker. 62510621325 1125 1487 1500 
Dem-culoer. 725 123211537 165301725 1740 
(alberin. 75012751590 171017858000 
Dent-Cannon. 625106201325 14251]1487|1500} 
Cannon of 7. 675 147/1431 148911506|16 20 
Double Cannon. 7501127511590 2. 
S E 0 T; I, 


Of Shooting in Mortars. 


A 


fe 


1 


Mortar-Piece is a ſhort Piece with which 8 + 
they ſhoot Bombs, Granado-Shells, Stone- 

balls, &c. "4nd their Fight is not in a Streight 

line. but in a Curve Line from on high, ſo 

that it may fall where it ſhould be deſired; 

laced in the Carriage in all re- 
in Fig. 93. in which A fignt- 


the Len, B 9 C the Courſe 
/ 4 


the 
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YH 3. Degree unto Degree; accordin 
this Table is calculated. 


8 to this Rul 


7 4; | 
A Table of R 


_ 


andoms to 45 Degrees, atcoun 


ing a Pace 2 + Foot. 


| 
= Mount. 


O OO ο o 


1 
Paces, 
0775 
11000 
1220 


1435 
1645 
1850 
2050 
2245 


2435 
] 2620 


2800 
| 2975 
3145 
3310 
3470 
3625 
3775 
3920 


| 


pig. | 
| 225 
220] 


215 
210 
205 


2004 
195 


190 
185 
180 


175 
170 


165 
160 


| 


155 


150 


140 
135 
130 
125 


120 


| 


1455 


— 
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23 
24 
25 
a 
Pr 
a 
29 
30 
31 
32 
33 
34 
35 
36 
38 
39 
40 
41 
42 
4 
+. 
42 


Paces. 


485 
4795 


4900 
5200 


5185 
5425 
| 5595 
| 5620 | 


5847 


5095 
5270 | 
5350 
55601 
5675 
$725 


$770 
5810 


5875 


os. A+. x. ah. 7 


agg om Oo ons og Dy 4 


Of Gunnery. 
J have hereunto alſo annexed the Tub/e cal- 
culated by Alexander Bianco, for all forts of 
0r4nance, (which Table I account one of the beſt 
that was ever yet found Extant ) In his Work 
printed 1648. 5 


— 
- 


Is 


| 2 Table of Randoms for the firſt Six Points | 
of the Gunner's Quadrant. 

10 Points. F I | 6 | 
5 r e He — | 
0 WMitu/coner. 375 637] 795 885] 892 90 
5 Enn. 50 93511166 125411309 1320 
10 Anion. 450 765 954102611071 108 
5er. 62510621325 112511487 1500 
% beni culver. [7251123211537 16537251740 
') (werin. 75012751590 1710017851800 
Dem- cannon. 625 10621325 1425/¼148 7/150 
) Grnon of 7. 675 147/1431 1489115061620 
ö Double Cannon. | 7501127511590 17 101785 1800 
| e . 1 
| SECT. IV. 
g Of Shooting in Mertars. 
0 Mortar Piece is a ſhort Piece with which 
they ſhoot Bombs, Granado-Shells, Stone- 


balls, &c. and their Flight is not in a Streight 
Line, but in a Curve Line from on high, ſo 
that it may fall where it ſhould be deſired; 
This Mortar is placed in the Carriage in all re- 
E as you ſee in Fig. 93. in which A figni- 
es the Carriage, B the 


* 


Mortar, C the Courſe 
U 4 | the 
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bs. 


/ Gunnery. 
the Shot flies, and D the Place on which 11 
—_ 5 | 0 
Bombs are great Hollow Balls or Carcaſſes of ran on 
in which are put fine Sifted Gun-Powder, whid r! 
by a Euſe they proportion to them a due Fire 
that ſo they may break in ſuch a determingti 
Time, or at ſuch a determinate Diſtance, the 
Eiſes are ſmall Trunks of Wood, Tin or J 
filled with a prepared Compoſition for thy 
Purpoſe. Granadoes are of the ſame Form, an 
for the like Uſe with Bombs, only ſmaller, an 
many times are thrown by the Hand, and ar 
made not only of Iron, but of Braſs, Gl, 
or Earth. gk £ pa 
Now in Order to the right and true Shoot 
ing in thoſe kind of Machines, tis requiſite t 
let you know that Authors have differed very 
much in their Opinions, but now they all un; 
nimouſſy agree that all Proje&iles are in thi 
Curve of a Parabola, as has been prov'd by Gal 
Iilæus, Torricellizs, and of late by the Ingeri 
ous Captain Halley, in a Diſcourſe of Gravi 
Publiſhed in Philo. Tranſat. Numb. 179. I 
winch Diſcourſe he Mathematically Demon 
ſtrates that the Motion of all Projefs is in the 
Curve of a Parabola; from the Properties o 
which Curve theſe uſeful Propoſitions have 
o 77” 1 
Frſt, That the Diſtance of Horizontal Ranges 
are one to another, as the Sines of the Doutlt 
Angles of Elevation. © 
_ Secondly, That the Heights of Shots in the 
Air are one to another, as the Verſed-Sines 9 
the Double Angles of Elevation. 


Third) 


Of Gunnery. 


Thirdly, That the Times of Continuance of a 
Got in the Air at different Elevgtions, are 
me to another as zhe Sines of the Angles of 
Flevations | 


weeſſary in the Prafice of Gunnery may be 
know. 5 „3 
As Firſt : Suppoſe I make a Shot upon ſome 


the Horizontal Range of that Shot (which is 
mly the Diſtance between the Mouth of the 


thence, by one of the preceding Propoſitions tell 


my other Elevation, uſing the ſame Force or 
Charge of Powder, 


Swoting, it will be neceſſary to give the fol- 
bring Rules. | 1 

1. That before you make a Shoot at any Place, 
ju find the Diſtances thereof from your Mortar, 


to be ſhot be of equal Weight, otherwiſe the 
Ü 5 
3. That the Carriage in Breadth be always on 


my not leap in Diſcharging. | 

4. That the Powder with, which the Mortar 
# Loaded, be always of the ſame Force and Weight. 
5. That the Charge of the Mortar, as well in 
Powder as in Wadding, be always Rammed in 


or Tampeons, or elſe of Oakam, for the ſtrong- 
drives it fartheſt, GR 


Fiece and where the Shot falls) you may from 


But before we proceed to the Propoſitions for 


which may be obtain d by Prop. 3.8. 4. Chap. 9. 
2. That the Bombs, or other Bodies that are 


wth Blows equally Heavy, and of equal Number. 
6. That the Wads be always either of Wood 


That 
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From theſe Three Propoſitions, all that is 


oven Elevation, and then meaſure the Length 


the Length of the Ranges of all Shots upon 


Level, and without any Deſcent, that ſo it 
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ſary to thew how to Compole the Ingredien 
for your Fuſe. IM 


_ of. theſe Ingredients, thus: Take a Pound 9 


of Elevation throws a Bomb. 30 Tards, Hi 


Say, As Sine 30 deg. Double Angle Elev. 9.698970 


17 57 Tards the ſecond Range 14721 


Of Gunnery. 


97. That the Fuſes be newly made, | that i, 
thoſe Days they are to be uſed, and that 1 
be madg of a Compoſition proportionable to 


Range that the Shot will make in the Air, ſq th b 
the Bomb may break in the very Moment of | b 
Fall; which Compoſition muſt be ſuch, that 1 

it fall in the Water yet not to Extinguiſh, bj 6 
_ the Bomb. there to break. And therefore, hy 1 


fore we proceed any further, *twill be ne 


Ef Mo ny 
To make Fuſes for Bombs, &c. 
The Compoſition for Bombs muſt be oft 
flow Motion, that ſo time enough may be give 
to throw either Bombs, Granadoes, Fire-bal 
Thundring-Barrels, &c. They are Compounds 


Gun-Powder, 1 of Sulphur, 5; of Salt-Peter 
well beaten, dry, and fitted ſeparately, th: 
mix it and make up your Fuſe thereof (1 
take Powder of Benjamin and Small-Coal, : 
well beaten and mixed together with ſome 0) 
of Peter, and fo fill your Fuſe therewith. 

N 

Suppoſe a Shot with a Mortar «pon 15 Degree 


Far will it throw it upon 35 Deg. of Elevation: 


To Sine of 50 deg: Double Angle Elev. 9.973986 
So is 30 Wards the firſt Range 1.47711 
11.451100 


80 


Of Gunnery. 
So that upon 35 Deg. of Elevation the ſame 


Bmb 57 Yards. And after this way are the 
Diſtances or Ranges upon all Elevations found. 


the greateſt Diſtance ſuch a Mortar will throw a 
Bomb. 3 


N. oe, The greateſt Diſtance a Mortar 


krated to 45 deg. for the Sine of double 45 
4. which is 90, is the greateſt of all Sines. 
Gy, As Sine of 40 deg. 9.808067 
To Sine of 90 deg. 10 ooo 
$ zs 420 Tards the firſt Range 2.623 249 


throw a Ball, 18 652 Yards. 
PROP. III. 


Tards diſtant from me, what Elevation is re- 
gulſite thereto, from a Mortar whoſe greateſt 
Range is Joo Wards. | | 


mer, and therefore you muſt ſay, 


To 400 Tards W 
So is Sine of 90 deg. 19.900000 
To the Sine of 34 deg. 51 min. 9.756962 


n 


rr 


The Half of this 34 51' is 17* 25' 4 the true 
dongle of Elevation. | 115 and 
. | The 


Mortar with the ſame Charge will throw a 
Again: Admit a Shot with a Mortar apon 20 
leg, Elevation ſends a Bomb 4.20 Tards., What 13 
n throw a Bomb, is, when the Mortar is E 
To 652 Turds the ſecond Range 5 2.8141 82 


So the greateſt Space ſuch a Mortar can 


Suppoſe T had a mind to let fall a Bomb 400 
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This Propoſition is the Converſe of the for- 
As 700 Tides 8 2.845098 


—— HC — 25 


300 


94 


Suppoſe the greateſt Range of a Shot be 6co Turds 


(012. twice the Rad.) zs to the Verſed Sine 0 


Range, to the Altitude required. © 


And fo on the Contrary : If the greateſt Hr 
riæontal Range was given, and the Perpendicular 


the given Perpendicular Height of a Shot; up 


as well as the greateſt, if the Angle of Elevaticn 


' throw a Ball upon 40 deg. of Elevation. 


3s + the greateſt Range. 


ing Operation. 


Elevation . 


Of Gunnery. 
The ſame may be found from any other Runge p 
5 
were given. | g 10 
From theſe Proportions is the Table of Ranges 
made. 7 5 5 2 v 

| PROP. IV. 


is requird to find how bigh ſuch a Piece ui 


. Note: The greateſt Height that a Bul 
will aſcend to when ſhot Perpendicular upright, 


Say therefore: As the Verſed Sine of 180 dg 


80 deg. (viz. twice 40 deg.) So 7s 4 the great 

Multiply therefore the Verſed Sine of 80 deg, 
which is 8263 by 300 Tards, which is half ir 
greateſt Range, and dividing the Product by 
20000 the Verſed Sine of 180, the Quote is 124 
Zarde, the Perp endicular Hei ght See the follow 


— eo. — — 


„ 


$263 | 
300 2 


\ 


— _—— 


21 0000 ) 247 | 8900 ( 124 Prope. 


Height of any Shot known, to find the Ae 


Say: As 300 Jards half the greateſt Runge, to 
the Verſed Sine of 180 deg. viz. 20000; 1018 


pok 


Of Gunnery. 
ſe 124 Yards to 8263 the Verſed Sine of 80 
bs, half of which is 40 deg. the Angle of Ele- 
tio required. rr 7 NT 
poſe a Shot made upon 45 deg. of Elevation, 
and by a Watch with a Hand to ſhow Seconds, I 
find it continues 12 Seconds in the Air, tis 
requir d to know how long it will continue in 
the Air when ſhot at 75 deg. of Elevation. 
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H. As Sine of 45 deg. ; __ 9.849485 
Is to 12 Seconds 1.079181 
So 1s Sine of 75 deg. 9.984944 
% | 

| To 16 Seconds "1.214649 


By this Rule Fſees are adjuſted as to their 
ine of Burmng. ob Hoon nfs 3, 
The Contrary of this Propoſition is alſo ma- 
nifeſt, viz. That if upon 54 deg. a Shot conti- 
mes in the Air 14 Seconds, bow many Degrees 


war the Piece Elevated to when the Shot conti- 


ned 16 Seconds in the Air? * 


N — 
| To 16 Seconds I. 
So is Sine 54 deg. _ 9.907958 
hh 3 11.112073 
To the Sine of 679: 35%: 16 1 


which 67 35! is the Angle the Piece muſt be ſet 


to for the Ball to continue 16 Seconds in the Air. 


Further I might have gone in ſhewing from 


ſome Data's to find the Powder requiſite, Length 


of the Chaſe, Diameter of the Ball, &c. But 


theſe being not fo abſolutely neceſſary to be 


acquired 
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Ball the aforeſaid Diftance. . 


8 Elevation to caſt a Shot to any Place at 


the Piece, and that without the Help of Lys 
_ rithms. = 


Suppoſe a Piece Elevated 13* 18, lays 4 Bal 
In the Table you will find againſt 13 dy, 


the ſame would have come out. 


the Piece to lay a Ball at 1837 Paces diſtance. 
Or if you look in the Right-Hand Column, 


/ Gunnery. 


acquired in this Cafe T omit them, and vil 
conclude with a uſeful Table by which ma 
be found the Horizontal Random of any Sit 
from ſome given Elevation; as alſo Ba 


Demand, provided it be within the reach d 


The Uſe of the following Table is thus : The 
left Column 1s the Degrees of Elevation, and the 
Top are the Minutes, being to every 6 N. 
nutes, beginning with 6, 12, 18, &c. 


1837 Paces, what is his greateſt Random? 


and under 18 win. 896. Say therefore, 4s| 
896 to 2000; So 7s 1837 Paces to 4too, the 
greateſt Random of ſuch Piece. 
If the Elevation had been 76 42', which ö 
as much above 45 dep. as 13 18' is under, 


The contrary of this is alſo evident; for, 
Tf the greateſt Horizontal Range be 4.100 Pact, 
what muſt be the Elevation of the Piece to throw 
a Ball 1837 Paces © 5 
Say, As 4100 to 2000; So 75 1837 to 896, 
againſt which in the following Table you 
have in the left hand Column 13 deg. and 
in the Head of the Table over the Number 
you have 18 Minutes, which is the Elevation of 


at the Bottom of the Table you will find 
76 42' the Elevation over 45 deg. to throw a 


A TA 


——A TAB EE of the Horizontal B apc of Projections. _ 
&--þ.-6 I2 | 18 | 24 30 | Mia. 


[EF] 


NS. 2 Oy 


þ , — __ T 


The TABLE continned. 


me. | 36 42 | 48 © 54 
o | 42 49 56 63 
3 119 126 133 
2 | 181 188 195 202 
5 258 | 265 271 
£E2]2P] 27 | 34] 36 
— 388 397 402 409 
6 | 457 463 470 477 
92 524 531 [38 F45 
8 | Fg1 598 605 611 
. 
to | 723 730 736 743 
11 788 794 801 07 
12 852 858 864 870 
13 | 914 920 | 927 933 
14 | 976 | 982 | 988 | 994 
15 1036 1042 | 1048 1054 
16 1095 1101 1107 1113 
17 1153 1159 | 1164 | 1150 | 
18 | 120 I2IF | 1220 1226 


Of- Gumery. 


More Examples might be given, but theſe 


re ſufficient tor Prafice : what I have elſe to 


fy, 18, That the Reſiſtance of Air is ſome Im- 


rediment in Nzce:ſhooting (for by the Reſi- 


ance of that Medium all Projects are diverted 
tom flying in a true Parabola) and conſe- 
xntly that the greateſt Random is not made 
won 45 Degrees of Elevation, but at ſome few 
lnutes under, and ſo will cauſe ſome ſmall 
Difference in the Diſtances, 


But conſidering that in ordinasy and com- 


non Practice ( eſpecially in Service) that 
with the common Inſtruments we can ſcarce 
ome to the Certainty of a Degree or two, the 


fregoing Table will be near enough, and ſerve 
rey well for ordinary Practice, although the 


allowance for the Az7's Reſiſtance be not there- 
n Conſidered, = N 


Vive, vale : ft quid noviſti reins iſtis, 
(andidus impernt : fi non his utere mecum. 


.# 
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A SHORT 7 

"T REATISEFl 
OF THE | 
DESCRIPTION and US 
| Of the following | 


Mathematical Inſtruments; 


( 

FIZ 

Globes, 0 Nofur nat, 

Settor, Univerſal Dial, WM 

Quadrant, ) Gauging Rod, f 
2 Cgerſbal's Rule. 


By W. ALINGH 4 M. 
. ene 
The Deſcription and Uſe of the GL os, 


Otwithſtanding Aſtronomical Defnition 
have already been given before, I mul 
upon the Deſcription and Uſe of t 
GLOBES, re-iterate —— of them here agai 
as followeth. 

A Sphere or Globe, | IS 4 perfect round Sol 
contained under one Syrface, in the midſt « 
which is a Point called the Center, from when 
all Lines drawn to the outſide are equal. 


V1 
0 


of 


iD 


The Deſcription and Uſe, &c. 307 
In this Form the Heavens and Earth are 
prov'd nearly to be, and therefore Aſtronomers 
have contrived Two Artificial Globes, one to 
repreſent the Heavens, on which is depicted the 
Principal fixt Stars in ſuch Proportion and 
Diſtance as they are found to have in the Hea- 
dens; on the other is deſcribed the Earth and 
Vater in all their Parts, and according to their 
true Situation, Form and Diſtance, as found 
by the late Diſcoveries of our Modern Naviga- 
tors, ſo that in reference to our preſent Buſi- 
neſs a Sphere or Globe is only an Artificial Re- 
ſemblance of Heaven and Earth. „ 
The Line the Globe turns about on is termed 
the Axis of the Vorld, the Extremities of it 
are the Poles of the World, one of which is the 
North Pole, the other the South Pole. It is re- 
preſented in the Artificial Globe by the two 
Wires the Globe turns upon in the Meridian. 


Of the Circles of the Sphere. 


Circles of the Sphere are Lines imagined to 
be drawn in the Cavity of the Heavens : Their 
Uſe is to determine font Propoſitions in A.- 
ronomy, Geggrapby and Navigation. - 
Theſe Circles are Greater or Leſſer , Greater 
are ſuch as cut the G/obe e two equal Parts, 
Meer cut the Globe unequally. . 
aug Every Circle, whether Great or Small, is con- 

Fetived to be divided into 360 equal Parts call- 
| Sold Degrees, and every Degree they again di- 
aſt qſride into 60 Minutes, and every Minute into 
henFto Seconds, &c. fo that one Degree is the 288 
a Circle, and one Minute is the 35 of a 
IfDegree, 8 — 


ES 


ion 
mul 
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308 The Deſcription and Uſe 
Of the Great Circles. 


Ihe Principal Great Circles are the Horisq 
the Meridian, the Equinottial or Equator, the 
LZodiack or Ecliptich, and the two Colures, 
The Horizon divides the Viſible Part of Hee: 
vens from the Inviſible, and when at Sea, or on 
Plain Ground, is the Circle that ſeemingly parts 
Heaven and Earth; this Circle limits the 
Length of the Artificial Day, for when the dn 
is above this Circle 'tis then Day, when unde 
tis Night. It bounds the Riſing and Setring 
the Sun, Moon and Stars, and ſhews the Point 
of the Compaſs they Riſe or Set at. Tis ar- 
tificially repreſented by the broad Wooden (r: 
cle in which the Braſs Meridiam and the Bu 
turns; Upon this Circle is a Calendar, ſhewing 
the Place of the Sun by having the Day of th 
Month, according to either Account; as also 
next the outer Edge is ſet the Winds or Points 
of the Compaſs. | 
The Meridian paſſeth through the Zenith and 
Nadir, and both Poles of the World, and cuts 
the Horizon at Right Angles, and ſhows the 
North and South Points thereof. Tt divides the 
Viſible Part of the Heavens into two equal 
Parts, one of which is the Eaſtern, the other 
the Weſtern Hemſphere ; it alſo determines 
the Noon and Midnight of all Places, for when 
the Sun is upon this Cycle in the Day-time it 1s 
Noon, when upon it in the Night, tis A 
meht. © Ee | 
It is repreſented on the Artificial Globe by 
the Great Braſs Hoop the Ball hangs in, and is 
divided into 260 Degrees. W 0 * 
The 


of- the Globes, 


The Equinoclial or Equator, is equally di- 
unt from both Poles of the IV; It divides 


\urth Pole is the Northern Hemiſphere: the o- 
ter next the South is the Southern Hemiſphere, 
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% Globe into two Hemiſphere s, that next the 


Places lying under this Cle have rheir 
oo} and Nght always equal; for in ati -. 
ens ot the Globe, this Cycle is half above and 

tee under the Horiæen. When the Sun comes 
„this C:7c/e, which is twice a Year, he makes 
dere Day and Night equal to all the Inhabitants 
che Earth; tis upon this Circle we number 

u Rie- and Obligue Aſcenſion of the Saum and 


rs, this Circle is delineated or depicted on the 
of an Artificial Globe, and is actually di- 
med into 360 equal Parte. 

The Zodiac 1s one of the greateſt Circles 


f 
10 lowed 18 Degrees of Breadth, which Breadth 
„limited by the wandring of the Pl/arers, 


ned from the Greek Word Ecliepo, which ſig- 
ies to fail or want; tis under this Line the 


the Sphere, becauſe by Aſtronomers it has 


on it is placed the 12 Signs; In the middle 
& the Zodiack runs the Ecliptick Line, ſo na- | 


+ and Moon ſuffer their Eclipſes, this Circle 
al ts the Equinoctial obliquely, and is called 17 
er 5%, becauſe the San defcribes it by his Year- 
es Motion. + 
This Circle is deſcribed on the Artificial Globe 


mth the Poxrtraiture of the 12 Signs, and is di- 
ded into 360 equal Parts, as was the Equator. 
The Colrres* are Two great Crcles of the 
pbere, being drawn through both Poles of the 
World, in which Points they cut one another, 
ad alſo the Equator, at Right Angles. One of 


5 | theſe 
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The Deſcription and Uſe 
theſe is named the Solſticial Colure from itz 
patiing through the firſt Points of Cancer and 
Capricorn, in which Points the $7 ſeems tg 
ſtand ſtill, the other is called the Vernal Colur- 
from its paiting through tae firſt Points of Arie, 
and Libra. They determine the Four Seaſons gf 
the Year, for when the Sun paſſes over the 
Solſticial Colure he ſhews the Beginning of Sun. 
mer and Winter Quarters, the firſt when he js 
in his greateſt North Declination, the latter 
when he is in his greateſt South Declination 
When he paſſes the Vernal Colure he ſhews the 


Beginning of Spring and Autumn Quarters, the 


former beginning when he paſſes over it in hi 
Aſcenſion, the latter when he paſſes over it in 
his Deſcenſion. | 


Thiſs Two Creles are deſcribed on an 4r- 


Fificial Globe, and actually divided into 360 


equal Parts or Degrees. 


of the Leſſer Circles. 


85 The Leſſer Circles are the Two Tropicks and 


Two Polar. 


The Tropicks are diſtant on each Side the 


Equinoctial or Equator 23 ; That on the 


North Side is called the Tropick of Cancer, the 


_ YTheſe are 
delineated 

on an Arti- 
ficial Globe 


by a red or 


gilded 


other on the South Side is named the Tropick 
of Capricorn; theſe Circles limit the Torrid 
Zone : they alſo bound the $yn's Courſe, he 
never {werving ſo far North or South, as to g0 
beyond either of them. 15 

The Polars are as far diſtant from the Pole: 
of the World as the Tropicks are from tix 
Equator, that at the North is termed the A. 
ich Circle, that next the South the 1 


— — 2 — 
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They bound the Frigid Zones, and ſh:w us 
what Places have their Artificial Day longer 
than 24 Hours. Theſe Circles are alſo actually 
tfcribed on an Artificial Globe by ſuch Lines 
25 were the Troficks. | 

Betides the (Circles before mentioned, there 
are ſome other both of the greater and leſſer 
oct, which are very neceſſary for Solving A- 
fronomical and Geographical Problems, and are 
4; followeth. 1 F 

Hour Circles or Meridiane, are great Circles 
meeting in the Poles of the World. They are on 
the Artificial Terreſtrial Globe drawn thro every 
1; deg. of the Equator, and at Right Arles thereto, 

Azimuths*-or Vertical Circles, are great Cir- 
ces all meeting in the Zenith and Nadir, and 
cat the Horizon at Right Angles. Theſe are 
never deſcribed on an Artificial Globe, becauſe. 
the Quadrant of Altitude ſupplies their Place. 
Grcles of Longitude, or Poſition, are great 
Grcles meeting in the Poles of the Ecliprick, 
and therefore cut it at Right Angles. They are 
drawn on the Artificial Celeſtial Globe through 
trery 30 Degrees of the Ecitprick. | 

Crcles (or as commonly called Parallels) of 
Declination, are {mall Circles parallel to the 
Equator on both Sides thereof, and on the 'Ter- 
reſtriat Globe are drawn through every 102? of 
the Meridian, gradually diminiſhing till they 
end in the Pole. V 

Almicanthars, or Circles of Altitude, are ſinall 
Imginary Circles parallel to the Horigon, but 
are never deſcribed on an Artificial Globe, the 
Wadrant of Altitude ſhewing the Points thro 
winch they muſt pass. | 8 

1 „ They be 


a 75 
t ds | 
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Parallels of Latitude are ſmall Circles inn. 
gined to be drawn parallel to the Ecliprich 
and are ſometimes delineated on an Artifii 
Cleſtial Globe. {2% an 

Rhomb Lines are neither Circles nor Strayly 
Lines, but Spiral, imagin'd to proceed from 
the Place where we ſtand, and wind about th 
Globe till they loſe themſelves in the Pol 
They are drawn on an Artificial Terreſtrid 
Globe, from the Four Points where the Colure 
cut the Equator, and their Uſe is to ſhaw the 
bearing of Places one from another. 


be Appendants to an Artificial Globe. 


Io a Globe, (beſides the forementioned C. 
cles ) belongs a ſmall Braſs Circle called the 
Hour Circle, whoſe Center is the Pole of the 
Globe; "tis divided into 24 equal Parts, re 
preſenting the Hours in a Natural Day. This 
Circle is fixed in a Grove on the Braſs Mer: 
diam; on the Pole is put a {mall Bit called the 
Index, which, as the G/obe turns about, points 
to the Diviſions on the Crrcle : Their Uſe is to 
ſhew the Time of the Sun, Moon, or a Star's 
Riſing and Setting, and what a Clock tis in 
any Part of the World, . 
I)here is alſo another Appendant called the 
Quadrant of Altitude; tis a thin Braſs Plate 
divided into go equal Parts or Degrees, to one 
End is fitted a Nut and a Skrew for it to move, 
and then to be fixt to any Degree upon the Bry/s 
Meridian. Its Uſe is to limit Azimuths and Alm. 
canthars, and to meaſure Diſtances and Altitude. 
Moreover to ſome Globes wrivgy a ſmall 
Compaſs Boy and Needle for the Stang, . 
„„ 8 Es. = O 
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Glbe due North or South, alſo half a Braſs 
Grcle called the Semicircle of Poſiti tion; but in 


ard none of the following Problems require 
them, they being but for ſome particular OO: 


Y ſhall omit a further Deſcription of them. 
; Aſtronomical Terms Explained. 


Declination is the Diſtance of the Sus, Moon 
i Stars from the Equinoctial, if they be on the 
North Side they have North Declination, if on 
the South Side, South Declination. 

Right A ſcenſe jon is an Arch of the Eguinoclial 
ontained betwixt the Beginning of Aries, and 
tat Point of the Eguinoclia which comes to 
the Meridian with the Sun, Moon or Star. 

Obl:gue Aſcenſion is an Arch of the E .qume } 
u comprehended betwixt the Beginning of — 
dries and that Point of the Equino@al which "Fl 
ariſes with the Sun, Moon or Star. 

Oblique Deſcenſion is an Arch of the Equino- 
lia lying betwixt the Beginning of Aries and 
(tat Point of the Eguinoctial which ſets with the 
dun, Moon or Star. 

al cenſional Difference is the Difference be- 
twixt the Right and Oblique Aſcenſion which, it 
converted into Time, gives the Hour and Mi- 
mtes of the Sun's Rift ing and Setting before or 
after 8s ix. 

Amplitude is an Arch of the Horizon betwixt 
the true Eaſt or Weſt Point, and that Point a- 
gainſt which the Sun, Moon or Star riſes, and 
b named according as it is, VIZ. either A 
plitude of Riſing or Setting. 

Azimuth is the fame with Amplitude, but on- 
ly 'tis reckon'd when the Planets or Stars are 
oye the Horizon, + Mir 
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Altitude is the Height of the Sun, Noon d 
Stars above the Horizon. EY: 
Longitude of a Star or Planet, is an Arch; 
the Echpiick contain'd between the Beginnin 
of Aries and the Point where any Star or P. 
net is; or elſe 'tis the Place where a Cy 
(that paſſeth thro' the Star and Poles of th. 
Eclipticꝶꝭ) cuts it. „„ 
Latitude of a Star or Planet, is the Diſtand 
of it from the Ecliptick. 
Longitude of a Place, is the Diſtance in B- 
grees and Minutes of the Equator from the / 
end or Fixt Meridian. ; 
Latitude of a Place is its Diſtance from the 
Equator, or *tis an Arch of the Meridian ci 
tain'd betwixt the Elevated Pole and Horizon 
o i 
The Zenith is the Point directly over ou 
Heads where-ever we be. 
The Nadir is oppoſite to the Zenith, and 
therefore the Point directly under our Feet. 


O the Superficies of the Celeſtial Globe. 


On the Surface of this Globe is depidted! 
Proportion and Diſtance moſt of the Principal 
Fixt Stars, in that Order and Poſition as they} 
appear in the Heavens ; and tho' the Number 
of them ſeems Infinite, yet the greater are not 
only numbred but have Names to diftingull 
them. The: Number at preſent taken notic 
of are about 1400, the Biggeſt and Brightel 
of them are called Stars of the Firſt Magnitude 
the next to them Stars of the Second Mapne 
rude, and fo gradually decreaſing to the Sixth 
Magnitude, which are the leaſt that are pifurd 
on the Globe. e 


a— a 


of tr Globes. 


Now Aftronomers are deſirous to bring theſe 
dies into ſuch Order whereby they might 
te more readier be known and found, having 
* them into certain Forms and Shapes ot 
, Beaſts, Birds, and other Creatures call 
( f Onſtellatrons, by which Method of Diviſion 
by know where to ſeek them in the Natural 
mere, and being found, how to expreſs them 
n the Globe or Hemiſpher . The Number of 
lia depicted on the Globe are 62, of 
uch 23 are on the North Side of the Eclip- 


cording to their ſeveral Magnitudes. 


Abronomical Problems ſolu d by the Globe. 


ROB. 1. Day of the Month (ſuppoſe April 1.) 
given, to find the Place of the Sun. 


cording to 1 Old or New Account, then 


te Sine and Degree the Sun is in. 


given, to find the Day of the Month. 
Sek for his Place on the Horizon, againſt 
rich you have (Jan. 24.) the Day of the 


½ 12 upon it, and 27 on the South Side; 
al which Conſtellations the Stars are expreſs'd 


Find the Day of the Month on the Horizon, 
aht againſt the ſame you have ( Aries 22”) 


PROB. 2. The Sun's Place ( ſuppoſe ws) 
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n lonth, according to the Old or New Account. 
„ac B. 3. To redifie the Globe fit for Uſe in 
ce 

20 particular Latitude; > (Suppoſe . 


＋ which 75 51% 30“. 

„Count from the North Pole rl on 
0 the Braſs Meridian 5 1e &, and bring that Point 
s the Horizon, the Quadrant of Altitude muſt 

u ſcrew'd to the Zenith, Which is found by 


telling 
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twixt the firſt Point of Aries, and the Point 


To fi Tr Length of the Night, 


Place of the Sun muſt be brought under th 


Hour Whecl. 


betwixt the Sun's Place and the Horizon i 
(Zoo oc) his Height at Noon. 
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telling the Complement, which is 38 2, fg 
the Elevated Pole to the Top of the Glote th 


graduated Edge of the Braſs Meridian, an 
then the Index muſt beſet to point at 120n th 


PROB. 4. Latitude if the Place (51 51% an 
Place of rhe Sun (= 23®) given; 
 CDeclmation, 
10 find his 9 Aſcenſi on, 
N Height at Noon. 

Fir}, Rectifie the Globe by the foregoun 
Problem. then find out the Place of the Sug 
on the Ball, which Point bring under the gn 
duated Edge of the Braſs Meridian and ther 
fix it. This done count on the Braſs Meriduy 
the Degrees betwixt his Place and the Equi 
dial, it gives 84 Deg. his South Declination. 

8 econdiy, The Degrees on the Equinoctiab 


where the Braſs Meridian cuts the E Juinocſidli 
(201 =) his Right Aſcenſioͤn. 
Thirdly, The Degrees on the Braſs Nerd. 


PROB. 5. Elevation of the Pole (51* +) all 
Sun's Place (27 Cancer) given, 


His Amplitude of Riſing, 
| Time of *Riſins, 


"TRE que Aſcenſion, _ 
1857 of the Compaſ, s be riſeth on, 
LDiffz ence of Af cenſi won, 


Having 


of the Globes. 
laving rectified the Globe turn the Ball Eaſt- 


0 
thy 
th 
IN 
t 


ent againſt the Hor:S0n, then count the De- 
25 on the Horizon from the Eaſt Point there- 
Co the Point right againſt the Sun's Place, it 
res (35 Oo) his Amplitude of Riſing, Se- 
ni 


lock) the Time of Riſing. Thirdly, Double 
Hour and Minute of his Riſing, it gives 


The Degrees on the Equinoclial betwixt the firſt 
Mint of Aries, and Point where the Horizon 


is it is (90?) his 0b/1que Aſcenſion. Fifthly, 
oe Point of the Compaſs he riſes on is (N. E. 
VF F.) found upon the Horigon right againſt 
al» 


ra, the Remainder (29 gives the Dif- 
rence of Aſcenſion. 1 a 


Place of the Sun (21% ©) given, 


Ilis Amplitude of Setting, 
Time of Setting, © 
Jo find Length of the Day, 
Oblique Deſcenſion, . 9 

1 Point of the Compaſs he Sets on. 
Veltward till the S %s Place be juſt againſt 
tle Hori gon, then tell the Degrees on the Ho- 
1200 betwixt the Weſt Point and the Sus 
Pace, for that is (38 oo“) his Amplitude of 
YIting. Secondly, See what time the Index 
pants to, for that is (4 a Clock) the Hour of 
lis Setting, Thirdly, Double the Time of his 


' Setting, 


ard till the Point of the Suns Place comes 


b % The Hour the Index points to 1s (4 a 


3 Hours) the Length of the Night. Fourthly, 


e on the au, Sith, cb tho 
Ir Aſcenſion from the Oblique Aſcenſion or 


PROB. 6. Elevation of the Pole (5 1 K) and 
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The G/obe rectify'd as before, turn the Ball ; 


1 
| 
i 
| 
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Setting, it gives (8 Hours) the Length of 4 
Day. Fourthly, The Degrees on the Equinofh 
betwixt the Point where the Horizon cutz 
and the Beginning of Aries, is (318) his 0 
lique Deſcenſion. Laſtly, The Point of the, 
paſs he Sets on is (S. W. by W.) found on t 

Horizon right againſt his Place on the Bal. 
PRO B. 7. Sun's Place (25 oo! N) Lytiy 
of the Place (5 1% ) given, and. any Mr 
ing Hour ( ſuppoſe 9 a Clock ) propoſed, 


; His Azimuth from the Eaſt, y 
To find His Height, ; 
Point of the Compaſs he is upon. 7 


The Globe and all things rectified, mo 
_ yound the Ball Eaſtward till the Index point 
to the Hour propos'd, and there fix it; The 
if you lay the Quadrant of Altitude's graduate 
Edge over the Suns Place, and tell the D. 
grees from the Eaſt Point of the Horizon t 
the Point where the Quadrant cuts the Horiz 
it will give you (32? o) his Azimuth tron 
the Eaſt. Secondly, You have his Aritud 
(38 oo) by counting the Degrees on the Qu 
drant betwixt the Horigon and his Place. La 
/y, Juſt againſt the Quadrant's Edge on thi 
Outer Circle of the Horizon you have (S. E) E 
the Point of the Compaſs he is then upon. 
If an Afternoon Hour had been propos d, th 
Globe muſt have been turn d Weſtward, an 
the Aæimuth found from the Weſt. 
Note, Tis by this Problem we find the Sun 
Azimuth at 6 in the Morning or Afternooi, 
which he has only in the Summer Half Yet 
to all Northern Inhabitants: ono 


* 


of the Globes. 


PROB. 8. Agarn, Place of the Sun (1) Oo) 
Latitude of the Place (5 1e and any Az1- 


S10uthward given; 

( His Altitude, 
Tofindy Hour of the Day, , 
; Point of the Compaſs he is upon. 

1 | 
Atitude about till it's graduated Edge ſtands 
uſt againſt the 


the Qadrant's Edge and there fix it; then the 
Peres on the Quadrant betwixt the Sun's Place 
and Horizon is (39 oO.) his Height. Second- 
f'the Day. Thirdiy, The Point of the Com- 
on the Ball. . „ 

Vote If the Azimuth given be Weſtward, 


tis Morning. 


18 By this Prob. the Sun's Height or Hour of 
te Day is found when he is due Eaſt or Weſt, 
which can only be in the Summer Half Year, 
En places that have North Latitude. 


vation of the Pole (5 1%) with any After 
noon Altitude ( ſuppoſe 32® O ) given, 


ry (I Hour of the Day, 
110 find Oat from the Weſt, 
ar 


Point of the Compaſs be is upon. 


All things rectified, bring the Quadrant of 


given Azimuth, then turn a- 
dout the Ball till the Sun's Place comes under 


PRO B. 9. Sun's Place (6 o N) and Ele-. 


All 
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* 


1 (ſuppoſe 28 Degrees) from the Baſt | 


% The Hour the Index points to is the Time 


uſs 1s (S. E. by E.) had on the Outer Circle 
of the Horizon right againſt the Suns Place 


the Hour found will be Afternoon, otherwiſe 
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All things rectified, bring the Quadrant q 
Altitude on the Weſt Side of the Horizon, th 
turn the Ball and it together till the Ad 
counted on the Quadrant from the Horizon li 
exactly over the Sans Place, where fix it, the 
the Hour the Index points to 1s (à after 1 
the Time of the Day; alſo the Degrees on th 
Horizon from the Weſt to the Divided Edp 
of the Quadrant is (20 ooo) his Azimuth fro 
the Weſt. Th:rd/y, Juſt againſt the Quadrant Edg 
on the Outer Circle of the Horizon is (W. S. y. 

the Point of the Compaſs he is then upon. 
If it had been Morning Altitude the Gl 
muſt have been turn'd Eaſtward, and then th 
Index would have pointed to a Morning Hou 

and the Azimuth will be Eaſterly. 


PRO B. 10. Latitude of the Place (51*) ml 
Place of the Sun (20% oo ®) given, to finl 
the Length of the longeſt preſent ( which ſu 

poſe Jan. 29.) and ſhorteſt Day. 
From ſeveral of the preceding Problems and 
Nature of the Sams Motion, tis manifeſt the 
Sun's Dechnation is the Cauſe of the Increaſe 
and Decreaſe of the Artificial Day, for his In- 
creaſing in North Declination lengthens the Dq 
to all Northern Inhabitants, but the contra 
happens to all Southern; and conſequently, 
when he is in his greateſt North Declinatun,M 
the Longeſt Day is made to all that have 

North Latitude, but when in his greateſt South 

Declination, then the Longeſt Dagy is made to 

all Southern Inhabitants. 1 

Rectify therefore the Globe to the Latitult 


of the Place, and find the Place of the Sun 4 


of the Glohes. 


the preſept Day (which is 20% oo“) on the 
bal, this done, bring his ſaid Place to the Eaft 


ber 12 on the Hour Whee/. Then (having 
rade two Marks on the Trop:c4s where the 


but the Ball Weſtward, till the Mark on the 
Trick of Capricorn comes right againſt the 


20? 00'®P the Suns Place for the preſent 
comes againſt the Hor1zon, then, as be- 
ore, the Hours the Index has paſt over from 


il be the Length of that Day in our Lari- 


it againſt the Weſt Point of the Horizon, fo 
jill the Index point out (16 Hours ) the 
angth of the Longeſt Day in the Latitude of 
1” o North. og 1 

The Length of the Night is found by taking 
e Length of the Day from 24 Hours. : 


ROB. 11. Latitude of the Place (51* 300 

and Place of the Sun ( 20% 00'S) given; 
Sun's Depreſſion at Midnight, 
Time of Twilight's Beginning, 

lo find Time of Twihght's Ending, 

} Time of its Continuance, and 

Lemeth of the quite dark Night. 
All things rectified, bring the oppoſite Point 
0 the Sun's Place under the Braſs Meridian, 
3% - (. (which 


* 


Fat Part of the Horizon cuts them,) turn a- 


elt Side of the Horizon, fo the Hours the In- 
x has paſt over from the Point 'twas let at 
(7 Hours 2) the Length of the Shorzeft 
. This done, turn it more Weltward till 


ke Point 'twas firſt ſet at, which (is ꝙꝰ Hour 


ule, Thir dly, Tur n the Globe more Weſtward | 
ll the Mark on the Tropick of Cancer come 
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& of the Horizon, and fet the Index to the 
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if you move the Ball and Quadrant Eaſtward til 
the ſaid Point be under 18 Degrees of the Qu. 


(ich Point is had in the Ecliprick under the 
Braſs Meridian below the Horizon.) Then the 


_ gainſt 18 Degrees of the Qadrant, then the 


decreaſing in Declination, there is one Day in 


equal Length. To find which, look the Place 


which got, find it on the Bull, and note tie 


Declination; then turn about the Ball till ſome 
other Point of the Ecliptick comes under the 
afore-found Declination, which Point note, and 
find out on the Horizon, and right againſt 1 
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Degrees on the Meridian betwixt that Point 
and the Horizon is (21? oo') his Depreſſon 
at Midnight. Second'y, Move the Ball and 
Quadrant together Weſtward, till the aforeſaid 
oppoſite Point of the Sun's Place lies juſt x 


Hours the Index has paſs'd is (1 Hour) the 
Time after Midnigbt, Twihebt begins at; Or 


drant, twill give you (10 Hours g) the Time . 
ternoon Twilght ends at. Fourthly, If the How 
Twihght begins at be taken from the Hour o 
$un-ri/mg, twill leave (5 Hours 3) the Time o 
Twlght's Continuance. Fifzhly, The Time that 
Tro light begins at, doubled, gives (3 Hours :) 
the Length of the quite dark Night. 


P ROB. 12. The Day of the Month, ( ſuppoſe 
Aug, 17. ) according to either Account, given, 
to find that other Day in the Tear is of tt 
Jame Length. | „ 


From Prob. 10. 'tis evident that in the Suns 


which he had the ſame North Declination as he 
had in his Encreafing, which two Days are of 


of the Sun for the given Day on the Horizon, 


of | 4 he Globes. 


J 
0 


he fame Length with the given Day. 


PROB. 13. To find in what Latitude the tp 
geſt Day is an Hour lon er than with us at 
London. 2. 


det the Globe to London's Latitude, and bring 
he Solſticral Colurè under the Meridian, and 
et the Index to 12, then at the Interſection of 
Horizon with the Tropic of Cancer make 


the Ball Weſtward till 7 3o' of the Egui- 
wha have paſs'd the Meridian, and againſt 
the Horizon on the Tropick make a ſecond 
Mark, then bring back the Colure to the Me- 
dan and there fix it; after which Elevate 
the Globe till the ſecond Prick appears, fo will 
the Globe reſt at (56° the Latitude of the 
Place Inquir'd. 

PROB. 14. To find how much the Sun's Decli- 
nation muſt increaſe or decreaſe, to make the 
Arnficral Day an Hour longer ( or ſhorter ) 


tf the Place, find the Sans Declination (for 
urch 8. ) this Declination mark on the Vernal 


t Weſtward, till 7 30“ of the Equator has 


ow cuts it makes another Mark upon it, ſo the 
tance on the Cure betwixt theſe two Marks 
(6) the Degrees that the Declination muſt 
„ increaſe 


(Abr. 4- ) the Day of the Month that is of : 


than it is at (March 8.) the Time propos'd. 
Having Elevated the Globe to the Latitude 


lure, which Mark bring to the Eaſt Part of 
e Horizon, then if the Days lengthen, turn 
lt Globe Eaſtward, but if they ſhorten, turn 


als d the Meridian, and where the Horizon 
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: Prick on the ſaid Tropick. After this move 


3 


— 


4 


PRO B. 15. Having the Latitude of the Plue 


Days that he is lengthening or ſhortening on 


ROB. 15. To find the Height of the Suu | 


North Pole of the Globe to the Sun, moving 


lhe Deſcription and Uſe 
increaſe or decreaſe to make the Day an Ho! 
longer or {ſhorter than it was at the time pro- 


pos d. If the Days have not an Hour to lengiher 
or ſhorten, then this Prob. is improper. 


to find the Number of Days contain d hetuix 
the Days of lengthemng or ſhortenins on 
. Hour at any time propos d. Suppoſe fran 
March 8. 5 3 


Make two Pricks on the Colure, as in thd 
laſt Example, then find the Days on which th 
Sun's Declination anſwers to thoſe Pricks, ſo th 
Time included betwixt thoſe two Days are th 


Hour at that time of the Jar. In our Fx, 
fle twill be about 31 Days. 


_ the Globe, when the Sun ines. 


Set the G/obe on ſome Plain (where the &. 
{hines) as level as you can, then turn th 


up and down till the Pole has no Shade, the 
will the G/obe reſt at the Altitude counted or 
the Braſs Meridian betwixt the Pole and Ho 
F1Z0N, . 


PROB. 17. To know whetber *tzs before « 
after Noon. i 
Having made an Obſervation of the Su 
Height, make a ſecond a little while after, tha 
if the A/titude increaſe *tis before Noon, if 
decreaſe 'tis after Noon. RON 


f 


PRONE 


ef the Globes. 


PROP. 18. To find the Hour of the Day by 
the Globe when the Sun /hines. 


taly Level, with the North Pole towards the 
North Part of the Heaven, then when the Sun 
ines, obſerve the Shade of the Axis upon the 
WH Circle, "twill give you the Hour of the 
Joy, -_ 


Note : This is only for the Summer Halt 


hz other Halt-Year, depreſs the ſaid Pole 
much below the South Part of the Hori207, 


it Poſition, ſo will the Shade of th: Axl 
ire the time of the Day in the Hour Circle 
b before. | 


Of the STARS. 


of any Star. 


ae you ſeek, Then place the @:adront's 
0 


* Beginning of Aries) it cuts; tor that is 
be Star's Longitude: Alſo the Degrces on the 
Kidrant betwixt it and the Star is its Lot 
ide. Proceed thus and you'll find the [Long 
Wide of Acturus in Bootes tobe about , 
CO BF" his Latirude near 34 Degrees. 


Will 
thel 
if 


Recify the Globe and ſet it upon ſome plain 


ſear, and therefore for to find the Hour for 


AF which means 'tis directly oppoſite to its 


ROB. 19. To find the Longitude and Latitude 


Lay the Quadrant of Altitude over that Pole 
| the Eclipticꝶ neareſt the Star whole T once 


Life over the Center of the Star, and look 
at Degrees of the Ecliptick (reckoned From . 


3 PROB. 
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ROB. 21. To know what Stars will be ap 


If the Quadrant be too ſhort, elevate or deyre 


on the Quadrant or Horizon, is their Diftane 


Sun's Place for the given Day under the 574 


Hour propos d, where fix it; then all the H- 
that are under the Braſs Meridian, are th 
upon the Meridian. Proceed thus and you ſha 
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PROB. 20. To find the Diſtance of 2 Sw 


wherever the Stars be. 
Lay the Quadrant of Altitude over them, an 


A — «= „ — 


the Globe till they both come againſt the I, 
gon, ſo the Degrees betwixt the Stars, eiths 


Proceed thus and you will find the Diſtance 
twixt Aldebaran and Cor Scorpio 171 Degrees 


the Meridian at any Hour of the Night u 
any time of the Tear, the Latitude being give 


The Globe and all things rectified, bringt 


Meridian, and ſet the Index to 12, then ty 
the Ball Weſtward till the Index points to t 


find that Scheat and Marſhal both in Peguſy 
with ſome other ſmall Stars, will be under t 
Meridian on Of. 8. at à paſt 9 at Night. 


PROB. 22. To &know what Day in the Near « 
Star will be upon the Meridian at 9 at Nl 


Bring the Star to the Meridian, then tu 
the Ball Eaſtward till the Index points at: 
many Hours before Noon as the Srar is to | 
on the Meridian after Noon, that is, in 0 
Example, till the Index points at 3; the Gli 
reſting in this Poſition, ſee what Point of t 
Eclipiick is under the Braſs Meridian, wild 
Point is the Place of the Sun, and if fought 0 


— 


of the Globes. 


en the Horizon, right againſt it is the Day of 


the Month the Star propos d will be on the 
Meridian. Proceed thus and you ſhall find 
that Aldebaran will be on the Meridian, De- 
;ember 30. near 9 at Night. 


PROB. 23. Latitude, Day of the Month, oni 


. Altitude of a Star given, to find the Hour of 


the Night. 3 
All things rectified, and oppoſite Point of 
the Sun's Place brought under the Braſs Meri- 
lian, move the Ball till the A/titude propos d 


lies juſt under the Quadrunt's Edge, then will the 


dex point at the Hour of the Night. 

Note, That if the Sun's Place and Quadrant 
be brought on the Eaſt Side, the Hour found 
is after Midnight, but if on the Weſt Side, tis 
before Midnight. Proceed thus, and youll find 


that Cor Leonis on November 1. is 25 deg. high. 


it an Hour paſt 2 in the Morning. 
PROB. 24. To find how many Hours any Star 
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continues above or under the Horizon in any © 


Latitude. | 
The Globe ſet to the Latitude, bring the Star 


to the Meridian and ſet the Index to 12, then 
turn the Globe Weſtward till the Star propos d 


comes juſt againſt the Horizon, then {hall the 
Hour the 5 45 points to be half the Time, 
which doubled gives the whole Time; as ſup- 
poſe it points at 7 Hours à, this doubled gives 


15 Hours x, the time it continues above the 


Horizon. Proceed thus and you ſhall find that 
Fomabaut in Aguurius will continu? 5 Hours a- 
boye the Horizon in our Latitude. 


F-4------ PROS 


_— 


— — ——— — — — — > 
wks — — 


* 


1 


: 
l 
3 of 
l Z 
i 
is 
KEE &- 
& 
114 
£ 
ö 
| 
4 
? | 
l * 
, — 
| 
[1 
= 
1 
104 
110 
Me 
{ 
Wa 
1 
. 
q 
3 Fs 
' 
11 
LIT 
/ 1 5 : 
14 
11 
V 
80 U 
+ 
1 6 
* 1 Y 
# K 
e 
7 
18. Z 
"4 
| Li 
11471 
} 1 
» £54 
3; F441 
1 | ? 
Wa dd.) 
4 + 
o 
[IK 
4 
3 14 
3. N 1 
$166 
4:8 © 
l TT 
i 
[1 F k 
147 
1 1 
10-874 
'F * + 
6 { 
j , 
1 1 
i M 
1 
+} 
1 
} 
4 
N 
0 Tx 
i 1 l ; 
1 8 
l 1 bt " 
! f 17 
! 1 
(1 i 6 
i {1 
Ut +7 
: s I 7, 
+$:.3 78 
N N 
10391 
1 ( 
I. 18 34 
; [44 
1 1 ö 
14 
J N. 
0 x 1 
04% 2 
: r * 
1 
i" N 
14 
f 
. * 
} L 
if 
- be | 
1 
| 
1 i 
Kh 
„ 
1 
7 . 
1 
1 
i 
Fs N 
1 
11 * 
1 
1 N 
14 
113 
” 
1 
. 
1 


— — 
7 


Star. riſes or ſets Sepr. 14. The Globe being 


PROB. 26. Latirude of the Place given, u 


nation, for all ſuch Stars never ſet in our L 
titude, neither doth any Star riſe that hath a- 
bove 38? of South Declination. 


PROB. 27. To find the Coſmical and Acronica 


ſeth with the Sur, and the Coſinical Setting 


Acronical Setting is when a Star ſets with the 


The Deſcript wn and Uſl 2 
PRO B. 25. At what Hour any time of ih 


Tear, any ft Star riſes or ſets in any Li: 
titude. 


Let it be propos'd to find what Hour any 


rectified to the Latitude and Day propos'd, that 


is, the Sans Place brought under the Bros! 
Meridian, turn about the Globe till the Su 
enquir'd after comes juſt againſt the Eaſt Patti 
of the Horizon, then will the Index point at 
the Hour of its riſing. If you turn it Weſt 
ward till it comes againſt the Horizon, the l.. 
dex will ſhew the time of its ſetting. Proceed Wl 


thus, and you ſhall find that in our Latitude 


Syrus the Dag-Star, on the 14. of September, 
will riſe at 7 a Clocx. 


Vnd what Stars never rife or ſet. 
Obſerve what Stars have 38 + North Deal: 


Ring and Setting of the Stars. 
The Coſmical Riſing of a Star is when it rt 


when it ſets in the Morning or goes down when 
the Sun is riſing. The Acronical Riſing is 
when a Star rifeth when the Sn ſets, and the 
Sun. . | 

The Globe rectified, bring the Sus Place 
for the Day propoſed to the Eaſt me of the 
5 | 7 — 2765 Heigl, 


f the Globes. 
Hirigon, then all the Stars that appear on the 
gal againſt the Eaſtern Edge of the Horizon, 
o that Day riſe C inically;; and thoſe Stars 
which are againſt the Weſtern Rim of the Ho- 
eon, do that Day ſet Coſmically. But if you 
ring the Sun's Place to the Weſtern Side of the 
Haris on, then all the Stars againſt the Eaſt Part 
of the Hor:2on be riſing Acronically, and all 
the Stars againſt the Welt Part of the Horizon 
te ſetting Acronically. F 
Thus proceeding, you ſhall find that on May 
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the 27th, Aldebaran or the Bull's Eye, with o- : 


ther ſmall Stars rife Coſmically, and the Right 
Lg of Serpentarius, with ſeveral ſmaller Stars 
V 
Alſo upon the 187) of Ofober you ſhall find 
2 Star in the IWWhale's Tail, and other ſmaller 


Sars Acronically riſing, and the Tui! of the 


Lon, South Ballance, and other little Sars ſet- 


ting Acronically. 


Navigation. 


the Uſe of the Globes in Geography and 


Before we enter on the Geographical and Nau- 
tal Problems, it will be neceſſary to inform 


the Reader, that among the Meridians before 


(ſcribed to be on the Surface of the Globe, one 
1s more generally noted than the reſt, which 


Meridian is (as it were) the Landmark of the 


whole Sphere, and is the Bounds from whence 


the Longitude of all Places is accounted quite 


found the Globe. In our common Engliſh Globes 
it is made to paſs thro' St Michael's, one of the 
(res Iſlands. 8 „ 
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duator is its Longitude; alſo the Diſtance 
the Braſs Meridian betwixt the Place and Eq 
tor is the Latitude. . | 


Altitude; then lay its graduated Edge over an 


require from London. Then right againſt th 


and Diſtance 


The Converſe of this Problem is eaſily pe 


nith and Place, is their Diſtance in Degrees 


in Engliſb Miles. 


The Def cription and Uſe 

. In Navigation we count that the Gran jj 
ridian from whence we begin our Reckoning 
PROB. I. A Place being found on the Gig 
zo find its Longitude and Latitude., » 


Bring the Place under the Braſs Meridi 
then the Degrees the Meridian cuts on the 


1 „ — yk 


Thus proceeding, you will find 
Longitude of 66° 40. 
Jeruſalem ] Lauf of 32. 0. 


form'd, that is, by having the Lone itude au 
Latitude, to find out the Place on the Globe. 


PRO B. 2. To find the Bearing and Diſtance 
one Place from another; ſuppoſe London. 
Elevate the Globe to the Latitude of Londn 


and bring London to the Meridian, fo will 
tall juſt in the Zenith, where fix the Quadrant 0 


other Place, whoſe Bearing and Diſtance ye 
Quadrant on the Horizon, is the Point of th 


Compaſs the ſaid Place bears from Landon; all 
the Degrees on the Quadrant, betwixt the 2. 


which Multiphed by Jo, gives their Diftancs 
Proceed thus, and you ſhall find the Bearing 


From 


of the Globes. 
Tangier YS.S.W.(1225 
Aleppo in Syria (E. / S.) 2170 
Babylon in Caldea (E. by 8.) 2660 
Surrat ) Eaſt 4620 
If the Quadrant of Altitude will not reach 
both Places, take their Diſtance with a Pair of 
Conpaſſes, and apply that Extent to the Equa- 
zor or Ecliptick, and you'll have their Diſtance 
in Degrees, as before. e 
PRO B. 3. To find what Hour it is in any 
Part of the Earth, when tis Noon with us 
at London. | X * 

By reaſon of the Diurnal Motion of the Sun 
(or Earth) once in 24 Hours (the San never 
Enlightening but half of the Earth at one time) 
it comes to paſs, that when tis Morning in 
one Place, tis Noon in a ſecond, Night in a 
third, and Midnight in a fourth, according to 
their ſeveral Situations, in reſpect of Eaſt and | 
Weſt one from another, and this Temporary Dif- 
ference is known by the Degrees in the Equator 
between the Meridian of any two Places con- 
verted into Time, allowing 15 Degrees to an 
Hour. And further note, that if the Place lies 
Faſt from the Place whoſe Noontide was given, 
then twill be Noon at that, before tis at the 
other Place; if it lies Weſt, then their Non 
will be after the Nooz of the Place whoſe Noon- 
tide is given. As if London be brought under 
the Braſs Meridian, then all Places in the Fa- 
ſtern Hemiſphere are ſaid to lie Eaſt of London, 
and thofe in the Weſtern 1 Weſt of 
London. This being premis'd, fuppoſe at 12 a 
Clock at London I would know what tis at 
Port- Royal in Famaica, Bring 
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Index to 12, then turn the Globe Eaſtward, be 
cauſe London is Eaſt of Famaica, till Port- Nu] 
comes under the Braſs Meridian, then the Time 


Places from the Hour propoſed, if the Place 


propoſed, the Remainder or Sum is the Hour 


dohat 7s it at Jeruſalem, their Difference o 
Noon: tides being 2 4 Hours? 


43 Subſtract ot: when tis 2 at Lor- 


Bring London to the Meridian and ſet th 


the Index points to (which is 6 Hours 37 Min.) 
ſo that tis 37 Minutes paſt 6 in the Afternoot 
at Port- Royv] when tis 12 a Clock at London. 

It you would know what Hour tis at any 
Place when *tis any other Hour at London; 
take the Difference of the Noontides of the two 


lies Weſtward of that you enquire ; but if it 
lies Eaſtward, add the Difference to the Hour 


of the Day in that other Place. 
 Exame. IWhen tis 1 a Clock at London, 


So that tis 30 Mi. paſty I at London, 
3 in the Afternoon at Feruſa- 2 = add 
lem when tis I at London. \ 3 at Jeruſalen. 

Again, when tis 2 at London, what 1s it at 
Bermudas, their Difference of Noon-tides being 
4 4 Hours © .. ,:J& that 9:3 8 
2 at London. (Clock at Bermuda 


93 a Clock at Bermudas. don. 995 
Note : When you cannot take the Difference 
from the Hour propoſed, add 12 to it. 
PRO B. 4. To know what Parts of the Earth 
habe Noon when lis apy Hour with 6. 
Note If the Hour given at London be be- 
fore Noon, the Places that have then Nom 


* 


of the Clobes. 


it of London, if the given Hour be Afternoon 
ey lie Welt of London. 


The Globe rectified, and the Index ſet at the 


I points to 12, then all Places under the 
wth Part of the Braſs Meridian have Noon at 


Lindon, tis Noon at Babylon in Caldea; and 
when tis 1 paſt 4 in the Afternoon at London, 
tis Noon at Bermudas. „„ 

But rote, when the Sun is in one Degree of 


en the other Side of the North Pole, and conſe- 


Pale, underſtand the contrary when he is in the 


fiſt Point of 5 1 N from wich Conſide- 
ration may eaſi 


y bee ſeen the Limitation in 
the preceding Caſe. 1 


he Sun in their Zenith. 


No Part of the Earth has this Property but 
ſuch as are in the Torrid Zone, Find there- 


Place in which you propoſe the Queſtion, and 


| tus done, turn the Globe Weſtward, if before 
Noon, elſe Eaſtward, till the Index points at 
12: then if you look for the Degree of Decli- 
mation on the Braſs Meridian, you will have 
ut under it the Place which on that Day 


iren Hour, turn the G/obe about till the In- 


the Hour propoſed, thus proceed, and you will 
ind that when 'tis 9 a Clock in the Morning at 


fore the Sun's Declination for the Day propoſed, 
then rectify the Globe to the Latitude of the 


bring the ſaid Place to the Braſs Meridian, ſet- 
ting the Index to point at the Hour propoſed, 
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(cer, he Enlightens 23% 30! of the Meridian 


qently 23 30 Dark on this Side the South 


PROB. 5. To find, at any time of the Tear and 
Hour of the Day, what Part of the Earth has 


and 


154 38 be Deſcription and Uſe 


Nn at that Hour has the Sur in their 25 
1 
Thus proceed, and you ſhall find that on Apr. 
10th and Aug. 17th, both which Days the Huy 
has 10? oof of North Dechnation at 30 Min, 
. Afternoon Nombre di dios on the ]jth- 
Pat 6 Morning uus of Panama; alſo ſome 
ſmall Iſlands on the Weſt of Molucca i in Ef 
India to lie under the Braſs Meridian, fo that 
both thoſe Places at the time * d have the 
Sum in their Zenith. 


PRO B. 6. To find what Perts of the Earth hay 
the Sun Riſing, what Setting, what have Noon. 
what have Midnight, alſo where Twilight is 
beginning, where ending, any time of the Tea 
and Hour the Day. 


Find by The laſt Problem what Part of the 
Earth has 25 Sun in their Zenith at the time 
propos d. Then Elevate the Globe to that 
Place's Latitude, after which bring it under the 
Braſs Meridian, ſo ſhall all Places cut by the 
Eaſtern Part of the Hori aon have the Sun-riſing, 
thoſe cut by the Weſtern Part of the Horizon 
will have him /er:ing, thoſe under the Elevated 
Half of the Meridian will have Noon, thoſe 
under the depreſt Half will have Midnight, 
thoſe 18? bobs the Eaſt Part of the Horizon 
will have Tw:/;zght beginning, and thoſe Places 
18? below the Welt Side of the Horizon wil 
have Troiligbt ending. 


PRO B. 7. To find the Antæci, Periæci, and 

Antipodes of any Place. 
Antecians are thoſe that lie in the ſaws Lon- 
gitude but have Different Latitudes, 2 
they 


— 


of the Globes. 


hey have as much South Latitude as we have 
\orth, hence they have the Hours with us, but 
ntrary Seaſons, their Sammer being our Winter. 
peritcians are thoſe that lie in the ſame De- 
eg of Latitude but 180% Difference of Lon- 


antrary Hours, 0:2. Noon for Midnight. 


Ins with their Feet to ours, having 180 Dif- 
krence of Longitude, and 512 x of contrary La- 
—_Yy. 55 5 
To find them by the Globe, bring London to 
be Meridian, then count from the Equator 
wuthward on the Braſs Meridian 51 30, and 


tom the Norzb Pole the Complement of the 
Latitude 38% 30! downward and you have Lon- 


t gives the Point of London's Antipodes. 


PROB. 8. Having the Sun's Declination and 
Meridian Altitude, to find the Latitude of 
the Place. $5, 


e Braſs Meridian either toward the North or 


un the Braſs Meridian up and down in the 
Notches of the Horizon, till the Point on the 
M-r:dian be fo far diſtant from the Horizon, as 
b the given Altitude; fo will the Globe reſt 
it the Latitude. Thus, if the Dec/ination be 
11? 30“ North, and the Meridian Altitude 50 
Iyzrees, the Latitude will be 51 300 : 

| 'ote, 


de, they have the ſame Seaſons with us but 


Anipodes are thoſe that are wholly oppoſite, 


you have London's Antæci. Secondly, Count 


br's Periæci. Thirdly, reckon 38 3o' from 
the Souzzh Pole downward on the Meridian and 


Count the Declination from the Equator on 


oth Pole, as it is, noting the Point; then 
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tude, and fo have both Seaſons and Hours 


336 The Deſcription and Uſe 
2 Note, If the Obſerv'd Altitude be on + 
South Side of the Meridian, the Latitude is 90 
nerally North; but if on the North Side, t 
Latitude is generally South. 


PRO B. 9. By the Meridian Altitude of any fix 
Star, to find the Latitude. | 


Bring the Star to the Meridian, and from it 
Center count downwards the given A/tituds 
and note the Point on the Braſs Meridian , thet 
bring the ſaid Point to the South Part of th 
Horizon, if it was obſerv'd on the South Pa 
of the Meridian, (but to the contrary Side o 
it, if it be obſerv'd on the North Part) and thy 
Globe will reſt at the Latitude of the Place. 
. Thus if the Meridian 1 Ki The 62) 
Height of  USpucaVirginss { 3 
67 30, North. 
147? 30 North. 


PROB. 10. To find the Latitude by two Stars 
one being on the Meridian, the other riſin 
or ſetting. © 


the Latitude will be 


Bring the Star obſerv'd on the Meridian ti 
the Meridian and there fix the Body of tlie 
Globe, then turn the Meridian up and down in 

the Horizon till the other Star be juſt againſt 
the Eaſt or Weſt Side of the Horizon, then 
will the Globe ſtand at the Latitude. 

Thus if Aldebaran be on the Meridian, and 
Danebin the Lions Tail riſing, the Latitude wil 

be about 50 10' North. | 


PROB, 


9 of the Clobes. 


of 2 Stars being both on the ſame Azimuth or 
Point of the Compaſs. h 


Lay the Quadrant over both Stars at the 


eon till the Quadrant Edge reſts at the 


Lutitude. : : 
Thus 1f Capella and Scheder be both on the 
North Eaſt Azimuth, the firſt 20 high and the 
ut 66° high, you will find the Globe to reſt 
tt 40 deg. which is the Latitude deſired. 


ROB. 12. Having the Sun's or a Star's De- 
clination, to find the Amp litude. 1 5 


klerate the Globe to the Given Amplitude, 
nd count from the Pole on the Meridian the 


| d bring the End thereof to the Eaſt or Weſt 
ide of the Horizon, then count the Co-Dec/ina- 
ton of the Sun or Star from the Pole on the 


mnofial Colure, and bring the Degrees to the 


tie Latitude you are in. 8 

Proceed thus and you ſhall find that if the 
lm or a Star have 12 Degrees of Declination 
nd 20 Degrees of Amplitude from the Eaſt 


Degrees North. 
wolt of the Aſtronomcal Operations by the Globe. 


MOB. IT. To find the Latitude by the Height 


d er of Altitude you obſerv'd them, then 
mn the Braſs Meridian up and down in the 


ven Azimuth, ſo ſhall the Globe ſtand at the 


wdrant of Altitude, then the Diſtance on the 
wdrant betwixt that Point and the Zenith is 


Northward, that the Latitude will be about 51 
The following Table will ferve as a Proof for 


RS . A 
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implement of the Amplitude to get the Zenith, 
nd thereto ſcrew the Quadrant of Altitude, 
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A TABLE ſhewing from the firſt Day of Januar), to ey. 


toth Day afterwards, the Sun's place alſo his Declination, Right Aſrac 
Oblique Aſcenſion, Amplitude of Rifing and Setting, Time of ſy Cenſi 
Setting, and Time of Twilight's Beginning and Ending. ing 


De- 


R. Ar | Obli. MP-oftimeo ede 


Month | Sun's : 
os riſ. & ſetſ Os rii.ſof twi. en 
0 place. clin. Aſcen. ſrom $8 ſet. lipht 0 
N who 9 75.9 7 9 1 9 H. m. h. 1 7 
Fan. II[W2zI. 25·1. 51 323.03,050.4313.01.4|5.54 | 1 
11]8<01.35/19.45304-161331.27, 056.1 517.48.5 5.43 | 
21 11.4417.14]314-25[337-27 062. 20%. 31.5 5.35 7 
31] 21.51[14.12[324-221342.53 C65. 43 F. 14.557 7 
Feb. 1oſXo1.55[10.47/334-001347-53, 072-21 6.55.6|5.00 | 
| 20 11.5767.041343-24]352-25 078. 506. 35. 5 4.45 
Mar. 2 22D 353-351357-c6 035.14[6.16.6] 4.20 q 
12 Foz. ol. 1 1002. 4001. 14 091.35]F.56.7 | 3.59 | g 
22 12.41ÞF.98for 1. 705. 26 097.78 6. 36.7 3.345 
Apr. 1] 22.298. 3520. 19009. 46 104. 24. 17.7 3.057 
| 11]S02.14/12.11 3014.10 109.17. 48.8 2.38 [10 
211 11.56/15. 2839.3 2019.10 114.17. 40.8 2.02 fl0 
M 1} 21.35 8.18049. 3424.58 119.244.248 1.30 |1; 
IIIIIOoI. 11020. 2 0j030.54 123.45 4.08.3 o. 30 |12 
21] 10.46 2.08069. 2 5038.35 128.233.577. 9 Twi- 
| 21] 20. 20ʃ· 3.074 46.26 129.1203. 50.9 light 
June fo 29.52123-30k .oo[0F6.43 130. 263. 47.9 al! 
200 So. 2023.110099. 47067. 10 129.12 3.49.9 Night 
30 18.272.081 10. 34079. 46 128.233. 56.00 
July ic 28. 30 20.241 21.09093.13 123.454.057. 80.42 [12 
20|N08$.04[18.18[130.25,105.43 119.24. 21.81.22 11 
300 17.301 724 120.03 114.17 H. 36.8 2. C0 |10 
Aus. 9 27.171 2.32 132.58 107. 37 fl. 53.82.21 10 
Iceſit 6.5808. 57 147.17 104. 24. 12.7 3.00 | 9. 
2c] 16.4105. 08 161.32 097.53. 31.7 3.309 
Sept. ; ; e 174.20 093.11. 51.7 3-59. | 9 
180 6. 1702.2 188.30 089.49 6.11.6 4.19 
2 16.10 56.19 194.43 202.44 080.27 6.30.6 4.488 
Octo. 8 26.06110.04 204. 05 217.00 073.46 K 570.6 5.00 | 7] 
18m 6.06.1 3.330 13.40 231.20 067. 24 ,. 09. 5 5.18 | 7 
28 16.08/16.4C 223.3 12439 072.20 7:27-5|5-37 | 7 
Nov. 7] 26.14 19.182 33. 300279. 59 058-51 235 5 477 
1701 6.2221.21 244-061273-37] 055-18 7.7 5. 547 
| 27] 16.31 22.51 ·25J. 52 287,57 050-48 8.07. 4 F. 77 
Dec. 7 26.42 23.27 266. 43.299. 52 050.43 8. 12.46.00 8 
17% 6.54 23.18 277.373 10.300 050.48 8.12.4 5.58 7 
5 25 17.05 22.24 288.36 319.4401. 37 8.06.44 
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Tut Deſcription and e of the SE © T OR. 
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HE SECTOR is a Rule that opens and 


e, that is, they are drawn from the Center 

the Sector upon both Legs to near the Ends 
the Legs, the moſt uſeful of which is the 
ne of Lines, the Line of Chords, the Line of 


GO „ 5 =-- 


ecant & 

The Line of Lines is no more than a Line 
f £quzal Parts divided into 100 or 1000 Equal 
Parts, according as the S2&or will bear it, 


ach Leg, and are numbred with the Figures 


End of the Leg. Theſe Lines are noted by 
the Letter L. 


— He 


res, and then 2 will ſi gnifie 20, 200, 2000, 
ach Leg will be 100, 1000, 10000, &c. _ 
fe uſual manner of the Line of Chords, from 

me of the Legs; this Line is plac'd upon 
ter and running toward the End theteof, It is 
Mmbred with 10, 20, Cc. to 60, and to this 


Fan C. 
22 . Note : 


\ ww ow INwIusg Go ee S o 


\ ſhuts like a common two Foot Joint-Rule, 

they are from 4 Inches and + long when ſhut, 
1 Inches. Upon this Rule are put ſeveral | 
Les, the principal of which are put Secfor- 


iner, the Line of Tons, and the Line of 


Theſe Lines are drawn from the Center on 


And here note, that this 1 may be taken for 
2, or for 100, 1000, Cc. as Occaſion re- 


The Line of Chords is a Line divided after 
Circle whoſe Radius is nearly the Length of 
ach Leg of the S-#or, beginning at the Cen- 
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2, 3, Cc. on each Leg to 10, which is near 


. and conſe uently that 10 at the End of 15 
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tural Sizes, divided from a Circle of the fam 


Tangente, divided from a Circle of the for 
Oc. to 45, placed upon it with the Letter 
for Tangents. 


| gents, divided from a Radius of about 2 Inche 
and is plac'd upon each Leg of the Secfor; 1 


89, $0; Tc to 79; with the Letter J ſet there 


10, 20, 30, c. to 75, with the Letter 8 


The Deſcription and Uſe 
Note : This Line on ſome Seftors runs to 


Degrees, 
'The Line of 3 is a Lins of common n 


Radius that the Line of Chords was; belt 
are alſo plac'd on each Leg of the Sei zor, and 
numberd with the Figures 10, 20, 30, t 
90, at the End of which on each Leg n 
the Letter 8. 

The Line of Tangents is a Line of commo 


mentioned Radius and is placed upon each Leg 
and runs to 45; it has the Numbers 10, 2 


\ Beſides this 1s another mall Ll of 12 | 


begins at 45; which ſtands at the Length 
the Radius from the Center and runs to abo 
75 Degrees or farther, having the Nunibe 


to. The Uſe of this Line (as hereafter {hal 
be ſhown) is to ſupply the Defeft i in the Grez 
Line. 

The Line of Secants | is only a Line of co 
mon Secants, divided from a Circle of about 
Inches Radius; theſe are placed upon each L 

of the Seclor, beginning not at the Center bu 
at 2 Inches diftance therefrom, and runs t 
75 Degrees. To theſe are ſet the Numben 


the End thereof for Secants. 0 

Theſe are the princ "oil Lines now put 
Seftor s, and what wil ſupply the Places 
mol 


of the Sector. 


oft of the other Lines, the Uſe of which is 
« follows. 288 | 


The Uſe of the SECTOR. 


mmon Scaleſis, that it may be made to an- 
ver all Scales within the greateſt opening and 
pleſt ſhutting the Sector, for by it you may 
ride a Line, not exceeding the Diſtance be- 
zen To and 10 when open, nor leſs than the 
tance between 10 and 10 when ſhut into 
Number of Equal Parts. E 

Alſo from the Lines of Chords, Sines, Tan- 
mts, &c. placed on the Sefor as afore direct- 
l you have a Line of Chords, Sines, Tan- 


nd, by which Contrivance a Setor is made 
ne of the Uſefulleſt Mathematical Inſtruments 


ance of this Inſtrument, it, no doubt, aroſe 


ulid's 6th, which proves, That Similar Tri- 
wes bave their correſponding Sides proporti- 


I be Operations on this Inſtrument will be 
r. 5 ; 

But before we begin with its U/e,. tis neceſ- 
ry to acquaint the Artiſt, that the Lines on 
lt Sector are uſed two ſorts of ways, (big. 
uterally and Parallelly. Laterally is when any 


AM: 
9 ( 
nel 


le Sector. 


The Excellency of this Inſtrument above the 


mts, &c. to any Radius betwixt the Breadth 
the Sector when ſhut, and Length when o- 


n; from which Conſideration the Rea ſon of 


nth is taken from the Center upon one Leg 
t the Sector; Parallelly, when you Extend 
om one Leg to the other, that is, quite croſs 


Z. 3 | | Note; 
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being; As to the Invention and Contri- 


bm a thorow Conſideration of the 4. Prop. of 


342 The Deſcription and Uſe 
Note; The Inmoſt Parallel is the true Uu. 
ded Line, and therefore in uſing the Conni 
you muſt always ſet them upon the Inſide [jy 
both in Lateral and Parallel Entrance. 
Hlecondly; The Lines plac'd upon the 950 
now made, are after a different way to wha 
they formerly were; for inſtead of putting 
| fame Lines at equal Diſtances from the Inyart 
Edge, they now put them at unequal Diſtancy 
ſo that upon one Side of the Secfor one Ly 
has the Line of Chords Innermoſt, the othel 
Leg the Line of Tangent Innermoſt; that 
the Innermoſt Line of Chords and Tangent: ar 
equally diſtant from the Inward Edge, and ſ 
are the Outermoſt Line of Chords and Tm 
gents. The Advantage of this Contrivunce i 
this; When you have ſet the Sefor for an 
done Line, as the Line of Lines, or the Lin 
of Chords, it will ſerve alſo for the Line d 
| Sines and the Line of Tangente, for the Pe 
rallel betwixt 10 and 10 upon the Line off 
Lines, 60 and 60 upon the Line of Chords, 9 
and 90 upon the Line of Sines, and 45 and 4 
upon the Line of Tangente are all Equal. Hen 
the Reaſon is evident why they now mak 
Chords run but to 60 upon the Leg of the & 
tor, whereas they uſed to run to 90, but h) 
Practice the Inconveniency is found out. 
The Uſe of the Line of Lines. 
' PROB. 1. To Divine a Line into any Nuit 
of Equal Parts, ſuppoſe 9. 
Take the Given Line betwixt the Compuſe: 
and make it a Parallel betwixt 9 and 9 (wiuc 


you may call 90 and 90) then {hall the 5 
N e rall 


of the Sector 


na Diſtance of 8 and 8 cut off 8 of thoſe E- 
Wal Parts, allo the Parallel Diſtance of 7 and 


livide the Line into 9 Equal Parts. It you 
yould divide a Line into 37 Equal Parts; take 
the Line betw1xt your Compaſſes and make it 
1 Parallel betwixt 37 and 37 on the Legs of 


4% and 36 will cut from the ſaid Line 36 
of thoſe Parts, and leaves a 35 Part remain- 
wg, and betwixt 35 and 35; alſo 34 and 34, 


After the like manner may any other Line, 
wt exceeding the Sefor's Length when open'd, 
be divided into any Number of Equal Parts. 
PROB. 2. To Increaſe or Dimmſh a Line in a 
given Proportion; that is, to find two Lines 
in any Proportion, as 5 10 J. 549 
Take the Given Line betwixt your Compaſſes 
nd open the Sefor till that Extent lies be- 
wirt 5 and 5 on the Line of Lines, then if 
jou take the Parallel Diſtance betwixt 7 and 
j tis the Line requir dc. WE 2 
If it were to be Diminiſhed, ſuppoſe as 7 
tb 5, then make the given Line a Parallel be- 
bixt ) and 7, and the Parallel Extent betwixt 
and 5 is the Line requir d. 


PRO B. 3. Two Lines given, 10 find a Third in 


Take the Two Lines given, and ſet upon 
ach Leg on the Line of Lines from the Center, 


1; mark out 7 of thoſe Equal Parts, and ſo 
by taking the Paralbel Diſtance of 5 and 5, 
4and 4, 3 and 3, 2 and 2, 1and 1, you may 


he. cuts from the {aid Line 35 and 34 of 
ach equal Parts as the whole Line contains. 


continual Proportion, Increaſing or Diminiſbing. 


L 4 marking 
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the Heclor, then the Parallel Diſtance betwixt 
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marking the Points where they fall, then if th 
Proportion be Increaſing, take the Longe 
Line betwixt your Compaſſes, and apply thy 
Extent Parallel- wiſe in the terms of the ſhop 
eſt. The Sefor remaining at this Angle, th 
Parallel Diſtance betwixt the terms of the |; 
geſt, taken and apply d to the Leg of the St 
from the Center, will give the Length of th 
thixd Proportional; If it be Diminiſbing, tha 
make the ſhorteſt of the two given Lines a h 
rallel in the terms of the longeſt, then the h 
_ rallel Diſtance betwixt the terms of the ſhort 
eſt apply'd as before, will give the third In 
portional; if the Lines be 18 and 24, then th 
Fourth Proportional Increaſing is 32, and th 
' fourth Decreaſing is 13% 


PROB. 4. Three Lines given, to find a fourth 
in Proportion, either Increaſing or Diminiſhin 


RC 


Tf it be Increaſing, fet the two ſhorteſt Ling 
upon each Leg of the Sector, then open it til 
the longeſt Line comes betwixt the terms f 
the ſhorteſt. The Sefor thus remaining, take 
the Parallel Diſtance betwixt the terms of the 
longeſt, and apply that Extent to the Leg d 
the Selon, it — 4 give you the fourth Proper 
tional Increaſing. | A 
It it be Diminiſhing, lay the two longeſt Lin 

on the Legs of the Seclor from the Center, and 
make the ſhorteſt of the three a Parallel in the 
terms of the longeſt, then the Parallel betwat 
the terms of the ſhorteſt, is the fourth Propot- 
tion Dimimiſhing, WY 


PROG 


of the Sector. — 
ROB. 5. To find the Proportion betwixt two 


groen Lines. 


Make the greater a Parallel betwixt 10 and 
on the Line of Lines, then take the leſſer | | 
jd carry it Parallel to the greater Line till | 
reſts in like Points on each Leg, the Num- | 
where it reſts is the Proportion to 10, 
b, 1000, Ce. ir . . 
So that fiom this Prob. if the Length of one 
ine be given, the Length of any other Line 
ay be found in ſuch Parts. | 


ROB. 6. A Right Line, as AB, any how di- — 
vided,. being given; to find bow to divide any ” | 
other Line, as BD, into the like Parts. 


St the Line AB on both Legs of the Seor, 

nd in the Points where this Line reaches, ap- 
ly the Line BD to be divided Parallel-wiſe ; 

s done, lay the Diviſions, Ae, Af and Ag 

n both Legs of the Se&or from the Center, 
hen the Parallel Extent of- theſe Diviſions, 
Jia.) ee, ff, gg, being apply'd to the Line 
BB, will divide it into the like Parts, as was 
Dir „„ 


e of the Line of Chords, Sines, Tan- 
gents and Secants. 


The Convenience of putting theſe ſort of 

Lines on the Sefor, Seffor-wiſe, is of vaſt Ad- | 
rantage, for by diſpoſing them after this man- | 
ner, we can have Lines of Chords, Sines, Tan- | 
gents and Secants, to all Radius s not exceed. | 


For 


the Parallel Diſtance of 1 the Arch propoſed 


on this ſmall Line of Tangente, then the Pa 
rallel Extent of 70 Degrees on the ſaid Line 
is the Tangent of 79 Degrees to the Three: Inch 
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Sine or Tangent of 12 Degrees to a Rady, 
Inches: Take the 4 Inches betwixt your Cn 

| paſſes, and make it a Parallel betwixt 60 an. 

60 on the Chords, then, as I told you befon 

the Sines, Tangents and Lines are ſet to tf 
and 20 on the Chords, is the Chord of 20 Ds 
of 30 Degrees to the ſame Radius, &c. Un 


that is, Parallel betwixt 20 and 20 on the Lin 
of Lines, is the Sine of 20 Degrees to that 


1 8 „ 
If you want the Tangent of Jo Degrees to 


of Tangents (the great one running to 45 De. 


twixt the Beginning of the Line of Secants, 


The: Deſcription and Uſe 
For Example; If you would have the Chor, 


ſame Radius; the Sector remaining in this Pe 
ſition, take the Parallel Diſtance betwirt 2 


grees to that Radius, 30 and 30 is the Chun. 


derſtand the ſame by the Stues and Tangent 


Radius, and 30 and 30 the Sine of 30 he 
Brees, N. 885 
If you want the Chord of 7o Degrees, Take 


that is, the Chord of 35 Degrees, and repeat 
that Diſtance® twice on the Arch you lay it 
down on, and you have the Chord of Jo U. 


this Radius, you muſt uſe of the ſmall Line 


grces ) thus; Take the Radius of 4 Inches, 
and make it a Parallel betwixt 45 and 45 


Radius. | : 
If the Secant of any Arch be requir'd ; Take 
the given Radius and make it a Parallel be 


that is o and o, to the Parallel Diſtance 5 


of the Sector. 


wirt 40 and 40, 70 and 7o on the ſaid Se- 
ant Line will give you the Secant of 40 or 
o Degrees to the Radius. . 
Note : If the Radius be fo large that it can- 
wt be made a Parallel betwixt 45 and 45 
a the ſmall Tangents, then no Tangent of an 
eh above 45 Degrees can be found, nor the 
cant of any Arch to ſuch a Radius, becauſe 
all Secants exceed the Semi-Diameters of the 
Wee. e 1 5 
If the Reverſe of any of theſe Things be 
rquir'd ; as if I require the Radius to which 
2 given Line is the Chord, Sine, Tangent or 
Fant of any Arch, ſuppoſe of 30 Degrees, 
then 'tis but making that Line (if it be a 
(bord) a Parallel on the Line of Chords be- 
twixt 20 and 3o, then the Parallel Diſtance 
betwixt 60 and 60 is the Radius. Underſtand 
the like if it be /e, Tangent or Secant. 
Thus you ſee tis very eaſie to find the 
Chord, Sine or Tangent to any Radius, which 
s the great Advantage of this Inſtrument, and 
is of great Uſe not only in Delincating and 
projecting on Paper, but alſo on the Ground in 
kying out any Parcel in any Form or Shape. 


To open the Sector 70 any Angle, or the Sector 
being open'd, to fin the Quantity of the 
Angle it is opend at. 

Suppoſe T would open the Lines of Chords on 
the Seclor to any Angle of 40 Degrees. From 
tie Center of the Sector take the Chord of 40 
Degrees, and make it a Parallel betwixt 60 
and 60 on the Line of Chords ſet to an Angle 
of 40 Degrees, but alſo the Lige of 17 2 

3 | Line 
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ſuppoſe Chords and Tangente, or Sines, an 


the Line of Sizes 1s opend to a Rgbt Angle 
if the Sine of 45 Degrees be apply d over in th 


of 40 Degrees (or any other) a Parallel be 


and it ſets thoſe Inner Lines to the Angle 
40 Degrees. 


given Auge, ſhut the Sector cloſe, take th 


is ſhut, which ſuppoſe 6, then tis Evident if 


grees. To open the Line of Lines to a Ryh 


: Take the Parallel Diſtance between the Chor: 


e Deſcription and Uſe ll, 
Line of Sines and Line of Tangents, they a 
Equi-diftant from the Inward Edges of this: 
—_ cc b 

If you would open the two Inward Line 


Lines; tis done by making the Lateral o- 


twixt 60 and 45 on one Side of the Seco 
or elſe betwixt 90 and 10 on the other Side 


It you would open the very Edges to 


Parallel Extcut betwixt the Innermoſt Chord, 
and Tangents, and apply that Extent Late 
rally on the Chords from the Center, it ſh 
you the Angle thoſe Lines make when the Se 


would open the Se&or's Edges to an Angle 0 
40 Degrees, I muſt open the Inward Lines tt 
an Angle of 46 Degrees, for then will thi 
Seftor's Edges ſtand at an Angle of 40 D 


Angie, take the Line of 10 Parts and make 1 
a Parallel betwixt 8 and 6 of the ſame, 0 


Sines of 30 Degrees. 
Io find the Angle the Sector is open d to. 


of 60, and apply that Extent Lateralh from thi 
Center on the Chords, the Degrees it reaches ti 
is the Angle thoſe Line are open'd to; for will 
a Sector of 2 or 3 Feet when open, we can Jar 


I 
1 


of the Common Sea- Quadrant. 


our ſelves with Scales of all ſorts, and fi- 
ng for any P. EP? or Defy n N 


nnn. 


SEA ene 


HIS ent was firſt Invented by 
Capt. Davis, an E neliſh-man, and is the 
h t Convenient and Commodious Inſtrument 
od 5 Sea, for obſerving the Sun's Meridian 
11 it Ade. 


mponent Parts are Two Arches, Three ftrait 

wes and Three Janes, they arg now com- 

unh made about 26 Inches long. 

One Arch is called the 60) arch, . 

py it contained but 60 Degrees, tho now 

tis made to contain 65 Degrees. This Arch is 

ut of ſmall Radius, being fo defien'd, that the 


wht appear very plain onthe Horr20nVane to 


no leſs than Whole Degrees, and 1s numbred 
ith the Figures 5, 1o, 15, 20, 25, Cc. In- 
realing by 5 to, 65, which 65 ſtands Juſt upon 
be long ſtraight Piece. 

The Great Arch is called the 3075 Arch, tho 


lement of 65; It's of a large Radius that it 


urWick Circles deſcribed upon it, which Circle: 
15 5 | are 


lle ie Dſripin and Uk if i the Common 


ncht contain the Swb-diviſtons of a Degree. 
his Arch is fo broad, that it hath 10 Concen- 


* 


7 


The Form is 3 ſeen in an Inftrument- a 
uter's Shop than here deſcrib'd ; however, the 


hade coming from the Vane uſed on this Arch 


Eye of the Obſerver ; this Arch is divided in- 


ow 1t contains but 35 Degrees, viz. the Com- 
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gon, ſlide the Sight Vane a little higher; 

it if the Sea appears, then bring the Vane 

wer, thus muſt you do till thro' the Horigon | 
ue the Horizon appears. This done, ſee what * £ 
te Lanes cut upon their Arches ; ſuppoſe the | 
ide of the Szght Vane cuts Io Degrees, and | 
E upper Edge of the Shade Vane cuts the Num- 
r 42 Degrees, theſe added together give 52 | 
rere, the Complement of the Sun's Altitude, 
r this Inſtrument always takes the Comple- = 
nent, and not the Altitude, that is, his Ze- 2 | 
th Diſtance. No 3 1 
Note Hrſt: When you would obtain the 
dan (which is always the greateſt ) A/z:- 
E the Sun will have that Day, begin to ob- 
Te a little before Noon, and continue obſer- 
nz, as the Sun riſes the Sea will appear thro 
te Horizon Vane, ſo the Sight Vane muſt be 
n 8 
Secondly : When the Sun begins to fall the 
Y will appear thro' the Horigon, inſtead of 
e Horigon, upon which leave obſerving that | 
Having found the Co-Altitude, or Zenith i 
ſtance as before directed, the Altitude is got 
taking it from 90, from which Altitude 

ou muſt take 16 Minutes, (becauſe the upper 

ige of the San ſhows the Shade, and that is 

tant from the Sans Center 16 Minutes) then 1 
ere will remain the Ss Meridian Altitude 8 | 
kar enough for finding the Latitue at Sea, = | 


Ile 


LEO — — — — — — 
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Face 1s generally towards the thing obſerved 
but for the Sun tis contriv'd to be uſed back 


| Server. It's called a Croſs-Staff from its Form 
being a Square Staff with 3 or 4 Pieces a-cro 
and each of them a Diſtindt Croſs, but gene 
Sides of the Sraff, that is, the Breadth is th 


Degrees, TOE 10 Minutes; to thi 
Second Side, where the Diviſions begin at 10 
Degrees and end at 30 Degrees; to this Side 


60, to which Side belongs the next biggeſt off 
Sixty Croſs. Laſtly the Ninety Side, where th 


Ninety Croſs. At the End of theſe Diviſc 
is writ the Word A/t. for Altitude, and gen 
rally under the A/titudes are ſet the Comp 


ol the Croſſes right, there will be this Agr 


The Deſcription and Uſe of the FORESTarp 
Ty ſome called the Crols. Staff. 


HIS Inſtrument is ſo called from the; 
- ſiture of the Obſerver in uſing it, whoſg 


ward, for the preſerving the Eyes of the 0j 


it; this Staff is commonly 2 Feet Z or 2 Fee 
long; add? of an Inch ne having 4 Side 


rally they make the ſhorteſt C ſerve tw 


Io Croſs and the Length the 30 Croſs. - 

The Staff being Square there are 4 Sides; On 
is called the 10 Side, becauſe the Gradatior 
begin at 3 Degrees of A/titude and end at 10 


Side belongs the leaſt Croſs. The next is th 


belongs the Second Croſs ; the Sixty. Side wher 
the Diviſions begin at 20 Degrees and end 2 


Degrees of Altitude begin at 30 Degrees and 
end at 90; to this Side belongs the biggeſt 0 


ments, and the Word Com. writ thereto, It tli 
Diviſions of the Staff be true and the Lengtl 


f the Foreſtaff. 


ent betwixt them; Half the 10 Croſs being 
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id on the Ten Side, will reach from 10 De- 


wes, to 9 Degrees 12 Minutes, and the whole 
om 10 Degrees to 8 Degrees 31 Minutes. Se- 
diy; Halt the Th:rty Croſs laid on the Thirty 


ide, will reach from 30 Degrees to 23 Degrees: 


Minutes, and the whole from 30 Degrees to 
q Degrees 47 Minutes. Thirdly ; Halt the 60 
roſs laid on the Side proper, will reach from 


Y Degrees to 40 Degrees 13 Minutes, and the 
mole from 60 Degrees to 30 Degrees. Laſtly; 


alf the Nizety Croſs meaſur'd on the N7nety 


id will reach from 90 Degrees to 53 Degrees 7 
lunutes, and the whole from 90 Degrees to 36 


grecs 5 2 Minutes. 


The U/e of this Inſtrument is to find the AJ. 


tude of the Sun or Stars, which may be done 


Ih by a fore and back Obſervation ; it = 


ſb finds the Diſtance of two Stars: 


The Croſſes are uſed but One at a time, ac- 


ding as the Altitude is. If the Altitude be 
{s than To Degrees, uſe the leaſt Croſs and its 


ver Side; af above 10 Degrees, and under 


> Degrees, uſe the Thirty Croſs and Side pro- 


kr to it: So if it be above 30 and under 60 
erees, wie the 60 Croſs and Side belonging; 


W bove 60 Degrees, uſe the biggeſt Cro/s and 


ide, but the laſt is not ſo exact as other I- 
Iunents. | | 38 


7 * 


Lo uſe this Inſtrument you muſt firſt Conſi- 
fn, that is, gueſs at the Sun's Altitude, and 


en uſe the Croſs and Side proper thereto; 


us, put the flat Side of the Croſs toward you, 


en taking the Staff in your Hand, place the 


at End, that is, the End of the Staff where 
ie Diviſions end, to the Corner of your Eye 


[Aa] and, 
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and there hold it ſteady, ſhiding the 07 

. backward and forward till you ſee the Cents 
the Sun or Star by the upper End of the G 

and the Horizon by the lower End, then 
Degree and Minute cut by the Inner Edge 
the (Y, upon the Side peculiar to the Gy 
you ule, is the Altitude. 

Note : "Twill be difficult to cut exaQly 
Center of the San, unleſs in Hazy Weather, 
that you break his Rays by a Colur'd Glaſs 
on the Top of the (/ to defend the Fe fi 
the Suns Force: But you may obſerve the 
per Limb of the San, and then muſt take 
Minutes from the Attitude fo found: Or | 
may take the Suns lower Limb, and add 
Minutes to the Altitude found. 

Io obſerve the Diſtance of two Stars, Pl 
the Sf to your Eye, as before directed, lo 
to both Ends of your Crg/s, moving it fa 
or_nearer till you ſee one Star at one End 
the Croſs and the other at the other, the 

 grees and Minutes cut by the Croſs (as ato 
{aid ) is the true Diſtance ſought. 

- To uſe this Inſtrument for a Back Obſeroat 
which is chiefly for the Sun. Iis made fit fort 
Purpoſe thus ; There is a Piece of Wood or fot 
put a-croſs the Jen Cos, ſo that the lower El 
of this Piece of Wood or Ivory lies even witht 
middle of the Square Hole in the Ter Cr: 
which alſo anſwers to the middle of the $19] 
Thickneſs. There is alſo a Piece of Braſs wi 

a Slit in it, ſo fitted that it will ſlide off a 

on the Ends of the Crofſes. This done, co 
der the Altitude you are going to take, anda 
cordingly uſe the Croſs proper for it, putt 

it on the Saß, the flat Side of it even with i 


— 


— 


of the Nocturnal. 


me End of the Cy put on the forementioned 
ind of the Croſs , then put the Ten Croſs (with 


{it towards the other (/; This done, turn 
yur Back to the Sun, and look thro the Slit 


(the Tex Croſs, at which time the Shade of 
te upper End of the C/ muſt fall on the 
Middle Line in the Ten Croſs. If inſtead of 


he Horizon and Shadow meet, ſo the Place 


te Staff belonging to the Croſs fixt at the End, 
0 which is the Braſs Sight, is the Altitude or 
mplement as before, in a Forward Obſervation. 


ſte Deſcription and Uſe of the NocruxxAL. 


Injirument are Two Greles, the inner- 
lt is divided into twice 12, to repreſent 
lt Hours in a Natural Day; the outer moſt is a 


Month and the Months in the Tear, each Divi- 


two Circles; the innermoſt is divided into 29 
qual Parts to ſhow the Age of the Moon, the 


* 
* 


Natural Day. 


it End of the Staff, where skrew it faſt, and at 


e Piece a-croſs it) on the Staff, the flat Side 


the lower End of the Croſs, till the Horizon 
is even with the Shade on the Croſc-Prece 


tt Horizon you ſee the Water, draw the Jen 
(1s nearer ; but if you ſee the Sky, you muſt . 
ut it further from you, till at laſt you make 


there the Ten Croſs now reſts, on that Side of 


rcle of Time, and contains the Days in each 


atermoſt contains twice 12, for the How's in 


355 


Were of Braſs, ſo as to leave a Slit at the lower 


} N the Fore-fide of the great Piece of this 


Im being 2 Days. The next Piece contains 


[Aa 2] The | 


356 The Deſcription and Uſe 
Inſtrument a Meridian paſſing thro” the Py 


Bear, againſt which is the Number 12, thi 


the Index the Pointers, then will the Index ſtan 


Sun, and the Right Aſcenſion of the Pointers. 
Day about a Degree, but the Right Aſcenſi 


The Deſcription and Uſe of the Common Fa 


ROI the End not BevelPd, on one Sid 
each Inch being divided into Ternths ; adjoinit 
of any Circle in Ale-Gallons, and Hundred 


on this Line is writ Area in Ale-Gallons, 2 
is called Oughtred's Line. FINE 


The Nature of this Iaſtrument is only to fin 
the Right Aſcenſion of a Star, which it evident 
ly doth, if you conſider the Pole is the Cent: 
of the Diurnal Motion, and the Iadex of t 


and Two Pointers, and conſequently cuts th 
Equator at Right Angles. | 
Upon the Middle Piece is a Tooth that com 
ont, and has the Letters G B for the Greg 


Tooth ſet to the Day of the Month, and the N 
Curnal held up Perpendicular before you, ti 
thro* the Hole you ſee the Pole-Star, and b 


at the Hour of the Night, which is onlyt 
Difference betwixt the Right Aſcenſion of tl 


The Right Aſcenſion of the Sun changes eve 


of any fixt Star is the ſame iſenſibly for fo 
Years. WES 


— 0 


Foot Gau GIN G-ROp, in Gaugirg 
Casks and other Veſſels. 7 


I' a Line of Inches, running from 1 to 4 
to this is another Line which gives the 4% 


Part of a Gallon upon one Inch deep, havi 
the Diameter in Inches and Tenths of an In 


Upe 


* 


of the GaugingRod. - 357 
Upon another Side of the Rule are Two Dia- 
prals, one for Ale and another for Wine Gal. 
ls, by which is ſhewn the Number of Ale 
line Gallons any Cask contains. The Me- 
god is thus; Put the BevelPd End of the Rule - 
at the Bang-hole, and run it down to the 
fad Dragonal-wiſe, then the Number on ei- 
ter of theſe Lines againſt the Middle of the 
une, is the Content of the Cask either in e 
Vine Gallons. = r 
Note : You muſt take care that the Bung- 
ve be in the Middle of the Cask, and that 
the Rule be put to the Middle of the Bang- Hole. 
This Line will ſerve very well for a Cask of 
0 or 40 Gallons, and indifferent well for a 
(ak of 150 Gallons. "X51 
On a Third Side are Three Lines, beginning 
it the Bevel End with 1, 2, 3, 4, &c.-and run- 


ing half way the Re ;, the firſt of them run- 


Ing to 9, and has Firkins writ upon it ; the 
ond has the Word K/derkin writ upon it, 
md runs to 18; the third runs to 36, and has 
e Word Barrel upon it. fa) 
Theſe Lines are term'd Ullage Lines, and 
heir Uſe is to find what a Cask has in it when 
tis not full ; thus, Put the Bevel End down 
nto the Bzrg-hole to the oppoſite Stave of the 
(ask, and fo far as the Ry/e is wet, on the 
oper Line for the Veſſel, ſo many Gallons is 
u the Veſſel, ON 
Or the Number from the Inſide of the Bung- 
le to the Surface of the Liquor, ſhews how 
nany Gallons will fill the Vellel ETOP rr”. 
Upon the ſame Flat on the other Half of 
lle Kale are Two Lines, the one is Numbers, the 
ter is Segments; they both begin together 
E: LAa 3 with 


85 of the Gauging-Rod. 359 
pon it, and the third runs near to the other 
ind and has the Words Buts Standing writ upon 
t; theſe alſo are Ullage Lines for theſe Casks 
b poſited, and their Uſe is to find what a 
(ask has in it when tis but partly full. The 
nanner is thus; When the Hog/head or Butt is 
ing, put the Bevell'd End of the Rule down- 
cht into the Bung- hole, to the oppoſite Stave 
if the Cask, and ſo far as the R/ e is wet on 
he proper Line for the Veſſel, it ſhows how 
nany Gallons are in the Veſſel. 

Or the Number from the Inſide of the Bung- 
yz to the Surface of the Liquor, ſhews how - 
nany Gallons will fill the Cask. 

In Cafe the Butt be Standing the Rule muſt 
e put in at the Head, and fo far of it as is” 
vet upon the Butt Standing Line, ſo much is 
he Number of Gallons in the Cask. KOH 

$ alſo the Dry Inches betwixt the Butt's 
Head and Surface of the Liquor, ſhews the 
Wiallons wanting to fill the Cask. its 
Theſe and the former Ulage Lines are thus 
ut upon the Rae; Cauſe any of thoſe Casks 
0 be filled, and then draw out the Liquor 
Walon by Gallon, and ſo mark the Re as the 

Liquor ſinks in the Veſſel. 
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Je Deſcription and Uſe of Copperſhal's-Rule, 

W in the Meaſurement of Board and Timber. 
HE Principal Contrivance of this Ruk 
is for the Praclical Meaſuring of Timber, 
ich it doth the beſt of all others. It con- 
its of Two Pieces of a Foot long, fliding = 
ae by another like a Glagier's Rule, On each | 4 
Flat of the Rule are Four Lines, Two next 


ning to 1 iu the Middle, and then from 1 ir 


| Edges are Lines of Meaſure, one being a Lin 


the Outer Edges, and Two next the Inner 
ters; they are Figured from 1 to 12 on ons 
Piece, and from 12 to 24 on the other. 


Side are-Lines of Numbers in two Lengths bot 


a Line of Numbers, Number'd and Figur'd a 


On the other Inward Edge is 4 Line called 


40 which ſtands at the End; this is a Line 
of Numbers at a double Radius. 
Firſt; To Meaſure Board, Glaſs, &c. A PicceÞ® 


bers, then againſt 24 4 Feet is 30 4 Feet, tit 


Length 37 z Feet, Breadth 4 Foot 4,9 4 6 


1634 Feet, — 3 4 Feet 56 10 0 
—— 603 Feet, ——— 21 Feet 136 8 
.—— 15 ; Feet, ——— 8+ Feet 131 9 
'= 29 Feet, — 71 Feet 210 3 
— 35 z Feet, 94 Feet 343 3 | 


The Deſcription and Uſe 1 


thoſe on one Flat next the Outer Edges arg 
Lines of Inches divided into Halves and Quar 


Thoſe next the Inward Edges of the fame 
alike : They are Figured from 1 at the Begin 


the Middle to Io at the End. 
On tother flat Side, the Lines next the Oute 


of Inches, divided into 10 equal Parts f 
Gauging ; the other a Foot divided into 19 
equal Parts, called the Line of Foot-Meaſure. 
On one of the Inward Edges of this Flat i 


before deſcribed. _ 


the Square or Girt-Line, Figured from the Be 
ginning with 4, 5, 6, 7, 8, 9, Io, 20, 30, and 


of Board is 1 x Foot broad, 24 * long, What 
the Content in Square cet? 
Set 1 to 1 7, the Breadth on the Line of Nun 


c EE | =: 
i More Examples. Feet Inch, Fe 


II 


of Coggerſhals-Rule. 


broad, how many Square Tards is the Content 2 


Set 9 to 14 on the Line of Numbers, then 
painſt 22 x 18 35 Square Tards, the Content. 


” More Examples.  Tards. 
Length 34 3 Feet, Breadth 1 3 x Feet Anſw. 5 2 K 
15 Feet. ——— 11 E Feet 19 
— 19 Feet, — 9 Feet 20 
— 523 Feet, 1 | 20 & Feet 119 
— 36 2 Feet, —— 30 Feet 122 
-— 27a, —— {FR 6 


f Io Meaſure Square Timber. A Piece of Timber 


is I Foot 2 Inches Square, and 20 Feet long, 


what's the Content? 


Note : Inſtead of 1 Foot 2 Inches, take 14. 


Inches. T 


Lin St 12 on the Gir:-Line, to 20 the Length of | 
tie Piece on the Line of Numbers, then right 
;f#gainſt the Side of the Square, or + of the Gt 


being 14 reckoned in Inches ( which muſt al- 
Zays be done) on the Girt-Line, is 27 Feet, 
un the Content required. . | 
Note : If the Piece be not Square, but broader 
than tis thick, you may reduce it near to a 
qquare, by adding the Breadth and Thickneſs 
Wtogether, and taking half the dum. 


o Meaſure round Timber. Girt the Tree in the 


the Square. ' | | 3 
hen ſuppoſe the Girt of a Tree be 64 Inches, 


A Oo Oo = 


Then 


WM Next for Parnting,Plaiftering Paving and Wain- 
arM(orting, which is Meaſured by the Square Iurd. 


Piece of Paving is 22 f Feet long, and 1 4 Feer 


36 I 


Middle, and take à of that Girt for the Side of 


all 2d the Length 30 Feet, what's the Content? 


362 The Deſcription and Uſe 
Fhen as before: Set 12 on the Girt-Ling A 
30 Feet the Length, then againſt 16, the +, of tly 

Girt, is 52 + Feet the Content. "oO 
If the Tree be much tapering, take the Side 
of the Square, or 4 of the Girt, about 2 fro 
the greater End. | e 
If you have Warny Timber, that is, ſuch as j 
neither round nor ſquare, take one Main in an 
leave the other out. _ _— 
ZR More Examples. wu be 
Io In. Length 40 + Feet 4n/w. 2g 

1 of the Girt, 15 In. — 39 x Feet 61 
 orthoide off e 
mpegs | 0; 
the Square. 36 3 Feet 154 

on einn. ,, 
Theſe Dimenſions are actually caſt up by a Rule, 
and therefore a ſmall Errour muſt not be heeded 


7 àIn. 


Ma ——_—— L . 
" ht 


— 


— — — 


The Deſcription and Uſe of the EqQurxocTiul, 
commonly called the Ring-Dial. 


DF HIS Dial conſiſts of Five Pieces, via 
Iwo Rings or Circles, One Bridge 0 
Piece going croſs the Outermoſt Ring, and Two 
Sliding Bits of Braſs that move in the Grooves, 
one on the Outermoſt Ring, the other on the 
Bridge or Croſs Piece. 5 
Ihe Outermoſt Ring repreſents the Meridian 
of the Place where- ever you are, having on one 
Side grav'd twice 90 Degrees, with N and 8 
for North. and South Latitude; on the other Side 
is a Line of Altitudes, beginning at 1 and end- 
ing at 90 Degrees. Upon this Ring, in a Grow 


n the outer Edge, moves one of the Sm 
5 


of the Equinoctial. 
15 upon one Side of which is a Line or Stroke 
aun to ſhew the Center or Middle of thoſe 


up by in time of Obſervation. 
it a Pin in when the Altitude is obſerv'd. 

The Innermoſt Ring denotes the Equi noctial, 
nd is to turn out upon a Joint at Right Angles 


ther the 24 Hours of the Day and Night, num- 
r'd by twice 12, which is continu'd to the 
ige and mark'd alſo upon the Inner Rim of 
e Circle, each Hour is divided into Quarters 
n ſome of theſe Dia/s, upon others into every 
Minutes, according as the Largeneſs is. 
The Bridge, or Croſs Piece, denotes the Axis 


Al, Fiddle of the {aid Hole. 


On one Face of the Bridge is the Months and 
ys of the Month, on the other Face oppoſite 
inſt each particular Day, is the Sun's Decli- 


ination proper for the Day. © 
PROB. 1. To find the Hour of the Day. 

wer Lurn out the Equinoclial as far as it will go, 
theſÞr then it ſtands at Right Angles to the Meri- 


e Outer Ring to the Latitude of the Place; 


 oneſſÞ'o the Stroke croſſing the little Hole in the 
her Sliding Bit to the Day of the Month in the 


ridge; then hold up the Dial by the little Ring 
the Outer Sliding Bit and turn the Bridge to- 


vooveffard the Sun, then move the whole D/al this 
d that way, till the San ſhining So me 
EY — 


There is alſo in this Outer Ring a Pi- bole to : 


the Meridian, on one Face is nothing, on the 


the World, in the middle of which is a %% tt 
Int quite through for a Sliding Piece to move in, 
Which $/:ding Piece has a ſmall Hole in it, and 
— Wis a Line or Stroke on both Faces croſſing the 


an, and ſet the Streak in the S/iding Piece on 


| 393 : 


oving Bits. In this Bit is a little Ring to hold | 


34 


Egquinoctial among the Hours, ſo the Hour. Li 
it falleth upon is the Hour of the Day. . Ny 


to oo Degrees, betwixt N and S on the Ly 


ding Bit in the Bridge to the Day of the Mmm 


9 | , / 


nodlial, that is, about the 10th of March x 


the Sun's Declination. _ 


Firſt find the Sans Meridian, or greatelt Al 
* zitude for the Day as before, then find the Suri 


The Deſcription and Uſ, , &c. 
little Hole in the Bridge you ſee the Spot 
Light to fall on the middle of the Inſide of 


for 2 or 3 Days when the Sun is upon the Fg 


12th of September, this Dial is uſeleſs. 
PROB. 2. To find the Sun's Height. 
Set the Stroke in the Sliding Bit with f. 
Ring to the Beginning of the Degrees, that 


tude Side, and put a Pin ſtiff in the Hole 
the Back-ſide of the Riyg, and the Shade oft 
Pin will ſhew the Altitude in the large 2uadr; 
on the Back- ſide of the Meridian. 
P ROB. 3. To find the Sun' e Declination, 
Set the Stroak croſſing the Hole of the $ 


as before, and againſt it on the Back-ſide 


PRO B. 4. To find the Latitude of the Pluz 


Declination for the ſame Day; this done, tak 
Notice if you make, your Obſervation betwi 
the 107þ of March and 12th of September, yo 
muſt Subſtra& the Declination from the 41 
tude ; but if you obſerve betwixt the 12th 0 
September and 1oth of March, then you mu 
add the Declination to the Altitude, and eithe 
of thoſe Numbers is the Height of the Equator 
which Subſtracted from 90 Degrees, leaves tht 
Latitude of the Place, tf 7 
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Logarithm Numbers, 
From One to Ten Thouſand : 
Whereby the 


| OF ANY 
NUMBER 


Under Four Hundred Thouſand 


may be readily diſcovered. 
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at the By againſt the Middle-Temple- 
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3311. 51851 
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N| Log, | IN| Log. IN. Log. 
 oooooolo [34/1.53147c| 671. 82607 
d er 85 n 0 1. 832509 
0. 77127 36 1.556303 6511. 333849 | 
0. 22080 3711.568202 7001. 845098 
o. 69897 0 380779783 71 23 
0. 778171] 3911.591064] 720. 857332 
70. 3, ＋ 1.602060 73/1. 863323 
4s 8 5 1.612784 7401. 869232 
"= 2 [42 1.623249 7511. 875061 
- 7% 7 4301.633468 7601. 880813 
1 k 041393] [44[1-643452] 771. 309-4 
12J1. 079181 4511.653212 E 78 - 92094 
als. 5 662758 791. 897627 
. 103 5 2 Shes 80/1. 903090 
75 9 — 1481.681241 + 1. A 
. 12 6 6 21. 913814 
1 50 43449 Fo 1658850 33/1. 915078 
1001. 255272] [FI ee 194 , ae 
1 71600 85/1. 929419 
. 27003 4 £ N 3601. 934498 | 
21 . 322219 Ira. 732394] * 45 4 
1. 242423 . 740362 I. | 
2. 875 55 1248165 66. 949350 
4 i. 380211 5711.755875 GO}. A ers 
1 46801. 8| _ {q1[t. gfcogi 
2511+ 397949] gh e e 52 'N $63758 
261. 414973 | 221.7817 53 1. 56348 
20 1 e 611. 785330[⁰ 941. 97312 
29 . 462358 6201.792391 2511. „2555 
Ii. n neee e. 2 
e 711. 986772 
. e e 19 
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668186 
| | 975547 


| | 086359 


0: 


CCCOCO 
04321 
oO8600 
12837 


017033 


021189 
| 0253c6 
029384 
033424 
037426 


041393 
045323 
| 049218 
052078 
056505 
cc 
64458 


071882 


079181 
082785 


| o89cof 
093422 


096910 

100371 
103804 
107209 


1 


0004.34 
0047F1 
oO 
013259 
017451 


021603 
0257717 
029789 
033826 


037825 


041787 
049603 


eee tooemomooemn—onn 


| c61075 
064332 
068557 
072249 
0757912 


0831 
086716 
090258 
093772 


097257 
100715 
104146 
107749 


[ | 1095861 


045714 


053463 
057286 


| 079543 


109926 


2 


1 


000368 
005181 
009471 
013679 
017898 


O22016 


026125 


030195 


034227 


033223 


042182 
046105 
049993 
053346 


057666 


061452 


065206 


068928 


072617 
076276 


079504. 


44 | 083503 


087071 
9610 
094.122 


097604 
101059 


| 104487 


107888 
111263 


Due Table of Logarithms, 
001301 | 
005609 | 


009876 
O14100 
018234. 


022423 
026533 
030599 
034628 
038620 


—— CEO 


042576 


046495 


050379 
0574229 
58046 


c61829 
065579 
. 
072985 
076640 


080266 
083861 
087426 
050963 
094472 


99791 


101403 


104828 


108227 


111599 


4 
If 
00173 
ocz 
010299 


014521 
018700 


022841 
| 026942 || 
| 031004, 
035029 
| 039017 
042969 
046385 
| 0f0766 
| Of 4613 
| of$426 


—— 


ii % S232: EE 


ones 
F953 

| 067000 
| 073352 
077004 


cons 
08421 
| 99076 
ooo 315 
094929 |} 


098298 


101747 
g 
108565 


111934 


* 


The Table of Logarithms, 


Re | | 

15 6 1 1! 9 D 

e | cotter e 
002166 | 002598 | 003029 | 003461 | 003891 |-| 432. 
006466 | 006394. 217750 987045 08174428 
107244011147 oI1570| 011993 012417 424 
014940015359 015779 016197 | 016616 4.16 
019116] 019532 | 019947 | 020361 | 020777 | | 416 
023252 | 023664 | 024075 | 024486 | 024866 412 
027349 | 027757 | 028164 | 028371 [028978 408 
031403 | 031812 | 032216 | 032619 | 033021 404 
035429 | 035329 | 036229 036629 | 037028 400 
0394.14 | 039811 | 040207 | 040602 | 040998 | | 356 
043362 | 043755 | 044148 | 044539 | 044932 | | 393 | 
047275 | 947664 | 048053 | 048442 | 043330 | | 339 
051153051538 og1924 | 052309 | 052694. 336 
054956 | 055378 | og 5760 | 056142 | 056524 | | 332 
o5880F. | 09185 ogg 059942 | 060320 | | 379 
62582 | 062958 | 063333 | 063709 £64033 376 
c66326 ke ks 967077 067443 ©67815 \ | 372 
070038 | 070407 | 070776 | 07114F| 071 714 360 
73718074085 7445174816] 075182 366 
077368 | 077731 | 078094 847 78819363 
80987 | 081347 | 081707 | 032067 | 082426 | 360 
084576 | 084934 | 085291 | 035647 | 086004. 257 
$8136 | 088490 088845 | 089198 | 089552 377 
091667 | 092018 | 092.369 | 092721 | 093071 351 
095169 | 095518 | 095866 | 056215 |. 056562 | | 349. 
098644 | 698989 | 099335 | 099681 | 100026 | 346 
102091 | 102434 1027771031194 103462 | | 243 | 
loggto 105851 106191 | 106531 | 106871 340 
103903 | 109241 | 109579 | 109916| 110253 | | 328. 
112269 | 112605| 112939) 1132751 113609 | | 335 
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| 113543 
|| 117271 
| 120574 


143015 


| 146128 
1 158362 


| 164353 
167317 
170262 


176091 


|| 193125 
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123852 
127105 


130334 
132539 
136721 
139879 


149219 
152288 
155336 


161268 


173186 


178977 
181844 
184691 
18752 


190332 


195899 
198657 


1 
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114277 


117602 
120903 
124178 


127429 


130655 


133858 
137037 


140194 
143327 


| 146438 


149527 
152594 
175639 


1 


158664 


161667 
164650 | 


167613 


170575 


173478 


176381 


179264 
182129 


184975 


187803 


190612 
193403 
196176 
198932 
201670 


— 


| 


p| 


— 


3 


114944 
113265 


121559 
124830 


128076 


Om ů³— 


131208 


134496 


137071 


81 140822 
143951 


147058 


150142 
153205 


156246 
| 159266 


* 


165244. 
163203 
171141 
174059 


176959 | 


179839 


182699 
1385542 | 
188316 


| —_— 


| 191171 


193959 
196729 
199481 
202216 


201397 
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118926 
122216 
127481 
128722 


— 


135133 
133303 
141449 
144574 


147676 
150756 
153315 
156352 
159363 


162863 
167838 
163792 
171726 
174641 


177536 
180413 
133269 
136108 
188928 
191730 
194514 
197281 
200029 
202761 
a 


11611 


131939 


—— — 


— 
— 
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%. 


115942 
119256 


122744 


125806 
129045 


132259 


135471 


138618 
141763 
144885 


147085 
15106 


3 
154119 
177174 
160168 


— — — 


163161 
166134 


169086 
172019 
174932 


177825 
180699 


133555 
186391 


189209 
192009 
194792 


197556 
200303 


203033 


7 


116276 
119586 
122871 
126121 
129363 


132579 


135769 
138934 
142076 


145196 


— — oem 


143294 


151369 
154423 
17745 

160469 


163409 
166430 
1693 

172311 
I75222 


178113 
180986 
183839 
186674 


189490 | 


192289 
195069 
197332 
200577 
203303 


| 


| 


| 
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116608 


8 


119917 
123198 
126456 
129630 


1328900 
136086 
139249 
142389 


143602 
151676 
154728 
157759 
160769 


163758 


166726 


169674 
172603 


175512 


178401 
181272 


184123 
186978 
189771 


192567 


195346 


198107 
200850 
203577 


3 


126781 


hows 
136403 
139564 


145818 


16405F 
167022 


— 


172895 
175802 


131558 
134407 
187239 
190051 
192846 
195623 


201124. 
203848 


"7% 


116039 : 
120247 
122725 


130012 


142702 
145507 | 


148911 

151982 
155022 
158061 
161068 


169968 


178689 


198382 
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204119 


| 214844 


| 217484 


— 


. 243028 
| 245F13 
247973 


| 252853 


| 271842 


209515 


257679 


0.1. 


2c6326 


212187 


220108 
222716 


| 225309; 
227887 


230449 
2329966 


| 235528 


238046 


| 249549 


250420 


255273 


260071 
26241 
264818 


267172 
269513 


274158 


I ; 


204391 
207096 


209783 


212454 
215109 


217747 


220369 


222676 
225568 
228142 


230704 
233250 
235781 
238297 
240799 


243286 
245759 | 


248219 
253096 


res ter 
25791 

260309 
262683 


265054 


267406 
269746 
272074 
274.389 


276462 


276692 


| 


204663 


2570664 


—— 1 


2 


207365 
210051 
212720 


215373 


220631 
223236 
225327 
228400 


1585 
350 

236033 
238548 
241048 


243534. 
246006 
| 243464 
250908 
253334 


25757 
253158 
260548 
262925 
265289 
185 
209979 
272306 


218010 


— — — 


204924 
207364. 
210319 
212086 


218273 
220892 
223496 
226084 
228657 


231215 
233752 
236285 
233799 
241297 


243782 


248709 
251151 


274619 
— 44 


215638 


246252 


253580 
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39 

260787 | 26 
263162 
265525 

267875 
270213| 
272538 

274850 
2771510 
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REAR RLONS 
205475 | 205746| 206016 | 206236 | 206556 271 
208173 | 208441 | 208710 | 203973 | 200247 260 
nab 3 211388 211654 | 211021 ” 
213f15 2137830214049 | 214314 | 21 2 
246166 | 216429 216694 35 175241 264 
218798 219060 219323 210585 219846 | 262 
221414 221675 221936 222196 222456 | | 261 
224015224274 224533 224791 | 227071 | | 259 
226599 | 226358 | 227115 | 227372 | 227629 253 
229169 | 229426 229682 229938 | 230193 256 
231724 | 231979 | 232234 | 232438| 232742 | | 254. 
234264 | 234517 | 234770 | 235023| 235276 | | 253 | 
236789 | 237041 | 237292 | 237544 | 237795 | | 252 
239299 | 239549 | 235799 | 240049 240299 | | 250 
241795 | 242044 | 242293 | 242541 | 242789 | | 249 
144177 | 244525 | 244772 | 245019 245266 | | 248 
246745 | 246991 | 247237 | 247482 | 247723 | | 246 
245198 | 249443 | 249687 | 249932 | 250176 | | 245 
251638 | 251881272125 2523683, 252610 | | 243 | 
254064 | 254306 254548 | 274789 255031 | | 242 
256477 | 256718 | 256958 | 257198 | 257438 | | 241 
258877 | 259116] 250355 | 259594 | 259833 | | 239 
261263 | 261501 | 261739| 261976 | 262214 | | 238 | 
263636 | 263873 | 264109 264.346 | 264582 | | 237 
265956 | 266232 | 266467 | 266702 | 266937 | | 235 
263344 | 268578 | 263812| 269046 | 269279 | | 234 
270679 | 270912 | 271144| 271377 | 271609 | | 233 
273001 | 273233] 273464| 273696 | 273927 | | 232 
| 275311 | 275542| 277772 276002 | 276232 | | 230. 
277609 | 277838 | 278067 278296 278525 | | 229 | 
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| The Table of Logarithms, 
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| 27375 4 278982 279211 279439 276667 |} 
rt | | 281033 | 231261 | 281438 | 281714. 1138 

| 233301 | 233527 | 23373 | 283979 284209 
| 235557 | 235782 | 286007 | 286232 | 296456 
2378302 | 233026 | 238249 | 238473 | 288696 


F | | 29003F | 250257 | 290479 | 250702 | 290925 

292256 | 292473 | 292699 | 292920 | 293141 || 
294466 | 294637 294907 | 295127 295347 
296665 296834 | 297104 | 297323| 297543 
| | 298853 | 299071 | 299289 | 299507 | 299725 


301030 | 301247 301464. | 301681 301805 
303156 303412 303628 303844 | 304059 
305351 | 305566 | 305781 305996 306211 

307496 | 307709 397924 | 308137 ; 308351 
' || 305630 | 309843 | 310056 | 310268 | 310481 


| 311754 311866 212157 312339 | 312600 
313867 | 314078 | 314289 | 314499 314709 | 
215970 | 316180 | 316389| 316599 | 316809 
318063 | 313272 318481318689 318898 
320146 320354 | 320562 | 320769 | 320977 | 


— — 


322219 322426 322633 323839 323046 
324282 | 324438 | 324694 | 324899 3271 
320336 326541 | 326745 | 320949 327155 

328375 | 328583 | 328787 328991 | 
| 330414 | 330617 330819 331022| 331225 


— — — OO EE 


32438 332640 332842 333044 333246 
334474 334675 334856 337057 335257 

1336459 33 805 336859] 337059 337259 
338456 338 56 333356| 339054 | 339253 
340444 | 349642! 340841 | 341039} 341237 
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232169 
2344.31 
236631 
233919 


291147 
293362 
295567 
297761 
29994.3 


302114 
404275 
306425 
303564. 
310693 


312812 


314920 
317018 


— —œüUĩ 


323252 
325310 
327359 
329398 
331427 


339453 
341435 


7 


279897 


—— | 


319106 
321184 


— en nngn | 


333447 | 
335453 | 
| 337459] 


306 


6 


280123 
282396 
284656 
286905 
289143 


291369 


293584 
295787 
297979 
200161 


302331 


304491 
30 
308778 
310906 


313023 
315130 
317227 
319314 
321391 


—  — 


323458 
325516 
327563 
32C601 
331629 


— —— — 


1339849 


313234 


321598 


327767 


T1 


280351 
282622 
284882 
287129 
289366 


291591 
293304. 
296007 
293198 
300378 


302547 
4s 594 
30 54 
308991 
311118 


315340 
317436 
319522 


323665 


325721 


329805 
331832 


333859 
335859 
337859 


8 


291813 


31771 


323871 


330008 


334051 


341830 


2805 8 
282949 
7570 
257354 
289589 


—— j—— 


294025 
296226 
298416 
200597 
302764 
304921 
207068 | 
309204 
311329 


——— K27.7ĩ 


313447 


317646 
319730 
321805 


— ä4—ä— — 


325926 
327972 


332034 


336059 
338058 
340047 

342028 
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280806 


283075 


330211 
332236 


334253 


336259 


339257 
340246 
342225 


— 


— — — — 
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| 376577 
| 373398 


383817 


— — 


O 


| 342227 
| 344392 


346353 


348305 


350243 


352183 
354108 


355026 
| 357935 


359335 


371068 
372912 
374748 


380211 
382017 


335606 
387389 


354301 


361917 


6 | 369401 


380392 


5 


342620 


344589 
346549 
343499 
350442 


352375 


356217 
353125 
360025 


363799 
365675 
367542 


371253 
373096 
374932 
376159 
373579 


332197 
38 3995 
38578 

387568 


389343 
391112 
392873 
394627 


399374 


2 


342817 
344735 
346744 


343694 


350636 
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352568 


354493 


356408 


358316 


360215 


362105 
363983 
265862 
367729 
369537 


371437 
373279 
375115 
376942 
378761 


380573 
332377 
384174 
385964 
387746 


239520 
391238 
393048 
394802 


3 
343014 
344981 
346929 
348889 
350829 
352761 
354635 
356599 
358506 
360404. 


— 


362294 


364176 


366049 
367915 
369772 


371622 


373464. 
375298 
377124 
378943 


380754 
382557 
384353 
386142 
387923 


389698 
391464 
393224 
394977 


371806 
373647 


| 379124 


393399 


343212 
345178 | 
rnd | 
349083 
371023 


— 


352954 | 
354876 

356790 | 
358656 | 
369593 
362482 
364363 
366236 
363101 
369958 


— —  — 


375481, 
377306 


330934 
382737 


334533 
386321 
388101 


389875 
391641 


395152 


* — 


396548 


399722. 


396896 


— 


) 
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_— 


313409 


147330 
149278 


— — 


353147 
55063 
156981 
153336 
360733 
162671 
57751 
366423 
365287 
70143! 
4 + I 
73831 
375664. 
77488 
379306 


———— 


81115 
332917 
384712 
359499 | 
339279 


390051 
391817 
| 393575 
397326 
397071 


773 


351216 


343606 
345569 
347525 
349472 
351409 


353339 
355239 
357172 
359076 
360972 


362359 | 


364739 
366609 
368473 
370328 

ST] 
372175 
374015 
377846 
377670 
379437 


381296 
383097 


384891 
336677 


338456 


390228 
391993 
293771 
357701 


I 


1 


343902 
345766 
347720 
345659 
351603 


— 


353532 
355452 
357363 


929 
19 

376029 
377872 
379668 


383277 
385069 
336356 
388634 


390405 
392169 
393925 


397419 


— 


331476 
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34399 
345962 
34791 
3498 
351796 


353724 


345643 
357554 


6| 359456 


361350 


363236 
365113 
366983 


368845 
370698 


| 372544 
374382 
376212 
378034 
379849 


381656 
333456 
385249 


388811 


390582 


387034 3 


392345 
394101 
395850 
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3441 
346157 
348110 


— — ne 


353916 
355834 
357744. 


355646 
361539 


363424 
365301 


369030 
370832 


374565 


37639 
37821 


380030 


381837 
383636 
385428 
87212 
388989 


392521 
394277 


£ 


9002 


350054. | 
351989 | 


372728 


390759 | | 


174 


397245 


| 395676 


| 397592 


3977 
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397940 
399674 
401401 
403121 
404834 


406540 


| | 408239 
| | 409933 


411619 
413299 


4914973 
416641 
418301 


419956 


421604. 


423246 
424382 


426511 


428135 
425752 


431369 


| 43256 


4.345 
436163 
437751 


| 439333 


440909 
442479 


4440475 
445604 445759 | 445915 


« 1 


—— —— 


358114 


399847 
401573 
403292 
4o5ooy 


4c6710 
403409 
410102 
411788 
413467 


| 415140 


416807 
4.18467 
420121 
421768 


423409 


427045 
426674 
23297 


429914 


431525 


433129 


434729 
436322 
437909 


439401 
441c66 
442637 
444201 


| 


2 


393237 
400019 
401745 
403464 


405176 


406381 
403579 
410271 
411956 
4.13635 


415307 
416973 
418633 
420289 


4.21933 


$27 $74 
2520 

426836 
4238459 
4.30075 


431635 


433289 


434338 
436481 


438067 


441224 


442793 


444357 


Z 
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398.461 
400 92 
401917 
403635 
405346 


407051 
408749 
410439 
412124 
413803 


415474 
417139 
418798 
420451 
422097 


423737 
425371 


426999 
428621 


430236 


431846 
433449 


435043 


436639 
438226 


— cn rn 


439866 | 
441381 
442949 


495517 


4 

eee, 
39863 
40036 
402089 
403807 


— 


407221 
408913 
41cboy 
412293 
113569 

415641 

1186 
18964 

420616 

422261 


4.23901 
425534 

427161 
428783 
430395 


4.32007 
433609 
435207 

436799 
438384 
4.39564 
44153 
443106 


444713 444609 
446971 — 
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6 
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6 
398981 
81400711 
402433 
404149 
405858 


| 409257 
410946 


61 | 412629 
413405 


1415274 
417638 
419295 
420945 
6 | 422589 


424228 
425860 
427486 
429106 
430719 


432328 
433929 
435526 
| 437116 
| 438701 


441852 
443419 
444581 
| 449537 


406029 
40761 


424392 


440279 


3 


399154 
40088 
402605 


404320 


407731 


409426 
411114 
472796 
414472 


416141 
417804 
419460 
421110 


422754 


426023 
427648 
429268 
430881 


432488 
434089 
4356835 
437275 
433859 


440437 

442009 
443576 
445137 


8 


— 


399328 
3 | 401056 


402777 
404492 
406199 


407901 
409597 
411283 


ee 2964 


414639 


416308 
417969 
419625 
421275 
422918 


424555 
426186 


427811 
429429 
431042 


432649 
434249 
457844 
437433 
439175 
440594. 
442166 
443732 


446692 


42825 


G 


p + 


399501 
401228 
40294 
404663 
406369 


408070 
409764 
411471 
413122 
414806 
416474 | 
418135 
419791 
421439 
423082 


5 
349 
427973 
429591 
431203 


- 
"OY 


—— — 


432809 
434409 
436004. 


437592 


439166 


—— Y 


440752 


442323 | | 
443389 | | 
445449 | 


447003 || 1 
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447153 
448706 


452040 


451786 


| 453318 


454345 


4.56266 
457339 


| 459292 
| 460858 


| 462398 
463893 


465383 
466868 


468347 


| 460822 


471292 
472756 


| 474216 


475671 


477121 
478566 
480007 


481443 
1482874 


484299 
485721 
487138 
488571 


1 


447313 
448861 
450403 
451939 


0 f 4 


473471 


4.54997 
45651 
4.53033 


459543 


461048 


462548 
464042 


2| 465532 
467016 


468455 


469969 
471438 
472903 
474262 
475816 


477266 


478711 
480151 
481586 
483016 


484442 
435863 
487279 
488692 


489958 


490099 490239 


2 


447468 
44015 
450557. 
452093 
453624 


457149 


8 | 456669 


477411 
478855 


480294 
481729 
483159 


. ———— 


486005 
487421 
488333 


| 
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484785 
600 
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447623 
449169 
450711 


472247 


453777 


— — 


455202 
456821 
458336 
459845 


461348 


462847 
464340 


465329 


467312 
— 


470263 


471732 
473195 


$| 474653 


476107 


477555 


478999 
480438 


481872 
483302 


484727 


. 486147 


487 563 
488974 
490379 


— 


4 
447778 
449324 
450865 
452399 
453929 


— 


455454 
456973 
453487 
459995 
461499 


— 


462997 
464439 
4697 
467460 | 
| 463938 | 
470410 


471878 | 
473341 | 
474799 | 


479143 
480532 
482016 
433445 
434869 
436239 
487704 


476272 
477699 | 


439114 || 
| 490520 | 
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147932 | 448088 448242 448397 | 443552 Is | 
149478 | 449633 449787 | 459941 | 450095 | | 154 | 
151018 | 451172| 451326 | 451479 | 451623 | | 154 | 


152553 472706 452859 | 453012 | 453165 | | 153 | 
154082 | 454235 | 454337 | 454539 | 454692 | | 153 


455606 | 455758 | 455910 | 456062 | 456214. | | 152 
157125 | 457276 | 457428 | 457579 457731 | | 152 
153638 | 458789 | 4538939 | 455091 | 459242 | 1 
460146 , 460296 | 460447 460597 | 460748 | [151 
461649 | 461799 461943 | 462098 | 462248 150 


463146 463296 463445 463594 463744 | 
164639 | 464788 | 464936 | 465085 | 465234 | | 149 
166126 | 466274 | 466423 466571 | 466719 | | 149 
167608 | 467756 | 467904 | 463052 | 463199 | | 148 | 
469085 469233 | 469380 | 469527 | 465675 | | 147 


— 
A 
O 


— ———— 


170557 | 470704 | 470851 | 470998 471147 | 147 
472025 472171 | 472318| 472464 | 472610 146 
473487 | 473633 | 473779| 473925 | 474071 | | 146 
174944 | 475089 | 475235 | 475381 | 475526 | | 145 | 
176397 | 476542 | 476687 | 479832 | 476976 | 145 


——— ———— 


477344 | 477989 | 478133 | 478278 | 475422 | | 145 
479287 479431 | 479575 | 479719] 479863 | | 144 | 
180725 | 480869 | 481012 | 481156 481299 144 
432159 | 482302 | 432445 | 482588] 482731 | | 143 
133587 | 483729 | 433872 | 484015 | 454157 | | 143 


— 


8701148153 485295 | 485437 | 485579 | | 142 
136430 | 436572 | 436714 | 486855] 436997 | | 142 
437845 | 487986 | 438127 | 488269 | 435409 141 
439255 | 439396 | 489537 489677 489818 | 141 
490661 | 490801 1 490941 | 491222 140 


* Bb 


— 
10 

GO 

— 


The Table of Logaritbms. 


Rs,” 


491362 
492760 
494155 
495544 
496929 


498311 
499687 
501059 
502427 
503791 


5057149 
50690 
507856 
| | F09203 
| | Floggy 


511883 
513218 
714748 
515874 
517196 


518514 
519828 
521138 
522454 
523746 


Foa 
F26339 
527629 
528916 


EY 


491502 
492900 
494294 
495633 
497068 


498443 
499824 
501196 
| 502564 
53927 


505286 
506640 
507991 


710679 


512017 
513371 


516006 
517328 


5199009 
521269 
522577 
523876 


527174 
526469 


529047 
530328 


109337 


514681 


518646 


52777 


2 


491642 
493039 
494433 
495822 
497206 


498586 
499962 
501333 
502700 
504063 


500421 
506776 


909471 
510813 


51211 
513435 
514813 
5161 39 


718777 
520090 
521399 
522707 
524006 


| 


527304 
#26598 
527888 


508126 


517459 


| 


3 


491782 


493179 


494572 
495560 
497344. 


498724 
500099 
501470 
502837 
504199 


o 


506911 
508260 


509606 
510947 


512284 
513617 
514946 
516271 
517792 


518909 
520221 
521530 
522837 


524136 


#25434 
$26727 
528016 


529382 


N 


[| 


491922 || 
493319 
494711 
496099 
497483 


498862 
500236 
501600 
502973 
504335 


505193 

507046 
Fo8395 
50974 
511081 


512418 
513770 
715079 
716403 
717724 


2235 
72033 
521661 
522066 
524266 
525563 
725656 
528145 
529430 
530712 


| 530199 


e 


$304.56 


530584 


The Table of Logarithms. 


492062 
493452 
4945 FO 
496238 
497921. 


— — 


498999 
J. 
71744 
oz 109 
704471 


505828 
507181 
03729 
709894 
11 


712771 
#13393 
515211 
716735 
517855 


519171 
#204. 84. 
521 792 
523096 
724396 
925693 
926985 
728274 
7275759 
730839 


6 


492201 


493597 
494989 
496376 
497759 


491137 


500510 
501880 


513246 


504607 


559 
507316 
508664 
looo 


511349 


512684 
514016 


517344 


516668 
517987 


519303 
520615 
521922 
523226 


524726 


525822 


627114 
528402 
529687 
530968 


| 


7 


8 


492341 
493737 
497128 
496515 
497897 


499275 
500648 
502017 
503382 
504743 


506099 


| $074F1 


508799 
510143 
511482 


512818 
714149 
515476 
516796 
518119 


519434 


520745 
522053 
523376 
524656 


525951 


527243 
528531 
529815 


331096 


8 


492431 
493876 
495267 


496653 


498035 


499412 
500785 
502154 


503518 
504878 


506234 
507586 
508934 
510277 
511616 


512971 
514282 


515609 


516932 


518251 


519566 
520876 
522183 


523486 


524785 


526081 
527372 
528659 
729943 


531223 


0 


492621 
494015 
497406 
496791 
498173 


499549 | 

500922 
502291 
503675 
505014 


506369 
507721 
509068 
510411 | 
511749 | 


513084 
714415 


515741 


517064 
518382 


519697 
#21007 
522314 
523616 
724915 


526210 
527501 
528788 
530072 


531351 


Tue Table of Logarithms. 


08 


731479 


32754. 


| 34026 


537294 
536758 


537819 


539076 
440329 


541579 


942825 


546543 
547775 
$49003 


551449 


552668 


| 


| F45008 
| £45307 


| 750228 


553883 


oon 


| 556303 


557057 
558709 
559990 


561101 


562293 


563481 


564666 
565848 
567026 


561221 


1 


731607 


532882 


17700 
5375 
536685 


$37945 
539202 
F40455 
$41704 


| $42949 


544192 


F45431 
546666 


547898 
549126 


550351 
551572 
552789 
554004. 
5575215 


F623 
557627 
578829 
560026 


562412 
963599 
564784 


967966 


2 


531734 
533009 


734280 


130047 
536811 


538071 
539327 
740579 
541829 
543074 


544316 
54 
546789 
548021 
549249 


550473 
551694 


552911 


554126 


355336 


5565 
7 


578948 


560146 
561339 


562531 
563718 


564903 
566084 


z 


537862 
5331236 


734407 
535674 
536937 


538197 
539472 
5407 
541953 
543199 


544440 
$45678 
#46913 
#48144 
$49371 


550797 
551816 
553033 
554457 
554247 


556664 
557868 
579068 


560265 


561459 


562649 
563336 
5657021 
566202 


967379 


551938 
55377 


731989 
933264 
$34534 


535800 |] 


537063 


— 


538322 


539778 


740829 
542078 


943323 


— ee eee ene k 


544764 
545802 
547036 
543267 


549494 


Ree ͤ—ꝓ—w—4u— 


550717 


554363 


57578 


— — 


556735 |} 


7983 
970188 
560385 
561578 


562769 


363955 
567139 
566319 


567497 


767144 


567262 


\ 


The Table of Logarithms. 


| 
— | 
| 557026 


6 


533518 
#36053 


| $38574 | 
539829 


541079 
$42327 


543771 


| F44312 
546049 
547282 
548512 
549739 


550962 


552181 
573398 
54610 


558228 


579428 
24 
561817 


5606 


532247 
534787 
537315 


557819 


563006 
564192 
7 |. 565376 
466555 
$67732 


— 


7 
532372 
533645 
534014 
536179 


537441 


538699 


539954 
541205 
542472 
543696 


944934 
546172 
5474 
748635 
549861 


551084 


352303 
553719 


774731 


555940 


557146 
558349 
5595483 
760743 
561936 


563125 
564311 
567494 
566673 
567849 


8 


532499 
533742 
53 O41 


536304 


5375767 


538825 


540079 
541329 
542776 
543819 


545059 


546296 


747529 
548778 


549984 


551206 
572425 


553640 


554852 
556061 


— —— 


77267 
558469 
579667 
560863 


562055 


563244 
564429 


565612 


566791 
567967 


— 


— 


9 


© 


533399 
535167 
536432 
537693 


538951 
540204 
541474 
542701 
543944 


745183 
546419 


547672 


548881 | 
550106 


551328 


2747 


553702 


554973 
556182 


— 


577387 
558589 
579787 
560982 


562179 


563362 
564548 
565729 
566909 
568084 


|| 


732627 


. 


— 


: "The Table of Lapwinbing: 


568202 
569374 
770743 
571709 
572872 


5774031 
575188 
76341 


|] $774.92 
|| 578639 


99784 
580925 


582063 
583199 


| 584331 


585461 
586757 
| 587712 


| | 588832 
 $89949 


991065 
992127 
593286 
594393 
595495 


556597 
597695 
598790 


| 599883 


0 1 


T1 


— 


568319 
569491 
$70659 
571825 
572988 


$74147 
5770303 
576477 
577607 
578754 


579898 
581039 
552177 
583312 
584444 


587774 


586699 
587823 


588944 


799061 


591176 
592288 
593397 
994503 
595606 


$$6707 
597805 
598899 


99992 
601082 


% 


563436 
565608 
770776 
571942 
573104 


— — 


574263 
575419 
576572 
577722 
578868 


580012 
581153 
582291 
583426 
584587 


535636 
586812 
587935 
589056. 
590173 
—— 
591287 
592399 
593708 
594614 
595717 


596817 
597914 


F9G009 
600101 


601191 


F 4 


563554 
569725 
570893 
572058 
573219 


574379 
5757734 
576687 
577836 
578983 


580126 
581267 
552404 
583539 
584670 


58799 
586925 
S884 
589167 
590284 


591 399 
592709 
593618 
594724 
5959827 


596927 
598024 


99119. 
210 


1 


570649 


584733 |} 


538159 
590396 


598134 


601299 


568671 
569842 
F7100g 
$72274 || 
$73336 || 


— 


574494 


F76802 
$77951 |} 
579097 


580241 
581381 [|] 
5827180 
553672 


585912 
587037 | 


589279 | 


59109 

592621 
593729 
994334 
995937 


59703 


599228 
* 
60140 


5 


The Table of Logarithms. 


6 


568095 
570076 
571243 
572407 
573563 


574726 
575880 
577032 
578181 

$79326 


530469 
581608 
582745 
583879 
585009 
586137 
587262 
1 5383334. 
589503 
590619 


591732 
592843 
593950 
590 

596157 


598353 
999446 


601625 


597256 


7 


569023 
F70193 
571359 
572523 


573684 


574841 
577996 
577147 
578295 


579441 


 6oog37 | 6096 


580583 
581722 
582858 


583992 


585122 


536249 
587374 


588456 


589615 
790730 


1 
92954 
—.— 
1 
596267 


8 


596139 
57030 
571476 
572639 
573799 


774957 


576111 


577262 


578409 
$T95S5 


580697 


581836 


582972 


584105 
5857235 


586362 
587486 
538608 
589726 
590842 


591955 
593064 
794171 


595276 


596377 


597476 
598572 


| 


569257 


572775 


577377 
578525 


580811 


583085 
584218 


586475 
587599 
588719 


592066 
593175 
994282 


596487 


597586 
598681 


665 599774 


600864 


570426 
571592 


9825 1 
590953 


$7391F | 
577072 | 
576226 
5779669 


581949 


587343 


597386 


601951 | 


EI” 


W K 


lh... i... ii _ 
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5 The 7. able of Logarithme. 


1 


O 


1 


602059 | 602169 
603144. 603253 
604226 604334 
60730 | 605413 


06381 


607455 
608 526 
609594 


| 616660 
|| 611723 


612784 
613842 


| 614397 


615950 


617000 


618048 
619093 
620136 
621176 
622214 


623249 


624282 


625312 
626240 


627366 


628389 


629409 
630428 


631444 


606489 


607562 
608633 
609701 
610767 
611829 


612889 
613947 


616055 
617105 


618153 
619198 
620240 
621280 
622318 


623353 
624385 
625415 
626443 
627468 


628491 
629512 
630529 
631545 


615003 


3 


602277 
603361 


605521 


607669 
608739 
609808 
610873 
611936 


612996 
614053 
615108 
616160 


618257 
619302 
620344 


622421 


623456 
624488 
625518 
626546 


627571 


629613 
630631 
631647 


632559 


617210 


628592 


604442 


621384 


3 
602336 


603469 | 6 
604.550 | 
605623 | 6 


606596 | 606704. 


607777 
608847 


609914. | 6 


610979 
612042 


613102 


614159] 6 
615213] 6 
6162656 


617315 


618392 
619406 | 6 
620443 | 6 


621448 
622525 


623559 
624591 
625621 
626648 


627673 


628695 
629715 
930733 
45 


632701 


627775 


621592 
622628 


623663 
624595 


625724 
620751 


628797 
Gen 

30835 
631849 
632862 


— 


632457 


633659 


"i 


The Table of Logarithms. 


5 
602603 
| 692636 
604766 
| bog344 
606919 


— 


67901 
600061 
610128 
611192 
612254. 


— — 


613313 
614369 
615424 
616476 
617525 


616571 
19615 
620656 
621695 
622722 


623766 
624798 
625327 
626353 
627878 


623899 
629919 
630936 
631951 


N 


602817 


603794 
604874 


605951 


607026 


608098 
609167 
610234 
611298 
612359 


ä — 


613419 
614475 
615529 
616581 
617629 


618676 
619719 


620760 


621799 
622835 


623869 
yh 
625929 
628956 
627979 


629002 
620021 
631038 


| 


1 


1 


603902 
604982 
606059 


607133 


608205 
609274 
610341 
611405 
612466 


613525 
614581 


617734 


618780 
619824 
620864 
621902 


622939 


623973 
625004 
626032 
627058 
628082 


629104 
630123 


632153 


615634 
616636 | 616 


631139 


| 
602819 


8 


602928 
604009 
605089 


606166 | 6 
607343 


60724.1 


608312 
609381 
610447 
611511 
612572 


613630 
614686 
615739 

16790 
617839 


618889 
619928 
620968 
622007 


623042 


624076 
625107 
62613 

627161 


628185 


629206 
630224 
631241 
632255 


620032 


603035 
604118 
605197 
06274. 


608419 
609483 
6rogyy 
611017 | | 
612678 


613736 
614792 
615345 
616895 


617943 
618989 


621072 
622110 


623146 


624179 
625209 
626237 
627263 


628287 | 


629308 
630320 
631342 
632350 


632051 
| 633064. | 633165 | 633266 


* 2 


632963 


| 633367 


The Table of Logarithms. 0 


O 


933463 
634477 
635434. 
636488 
637489 
638489 
639486 


640481 


641475 
642465 


643453 
644439 
6454.22 


| | 646404 


647383 


643360 
649335 
650308 
651278 


652246 


653213 
654177 
655138 
656098 
6570576 


633569 


634.578 
635584 
636588 


637589 


— — A 


638589 


639586 
640581 


641573 
642563 
643551 
644537 


645521 
646502 


647481 


648458 
649432 


650405 
651375! 
652343 


653309 


654273 
655235 


656194 


657152 


658107 


659060 


| 6 
485867 


661813 


660011 
660960 


5 


661907 


2 


633670 
634679 
635685 
636688 
637689 
638689 
639686 


6406806 


641672 
642662 


643670 


44636 
645619 
646599 


647579 


643555 
649529 


650502 | 6 
FI472 | 


652439 


653405 


65426 
95790 


56289 


657247 


661055 
662002 


res | 
19155 
660106 | 6 


| 


c 


3 rr —_— hd 


e 


3 able of Logarithms. FP 


4 
3 
2 
; 
| 
; 
5 
I 


6 


634075 
635081 
636087 
637089 


638089 


639088 
640084 
641077 


642069 
643058 


| 644044 
| 645029 
| 646011 


646992 


| 647969 


| 648945 


649919 
650390 


651859 


652326 


| 653791 


654754 
FF71 
656673 


657629 


6585834 
659536 
660486 


661434 


7 


624075 
635132 
636187 
637139 
638189 


639188 
640183 
641177 
642168 


643156 


644143 
645127 
646109 
647039 
648067 


649043 
650016 
650987 
651956 
652923 


653888 


654850 
655310 
656769 
657725 
658679 
659630 
660581 
661529 


| 


8 


; s 


634276 
635232 
636238 
637239 
638289 


639287 
640283 
641276 
642267 


643255 


644242 
645226 
646208 


647187 


643165 


649140 
650113 
651084 
652053 


653019 


| 653984 


654946 
655906 
656864 


657820 


658774 


65972 
660676 
661623 
662569 


9 


634376 


635333 
636388 


637389 


638389 


639387 


640382 
641375 


642366 
643354 


644340 


645324 
646306 


647285 


648262 


649237 


6570210 


651181 


652149 
653116 


654080 


655042 
656002 


656960 
875976 


658869 
6| 659821 


660771 
661718 
662663 


662380 


662475 


| The Table of Logarithms. 
Silo i+t + 13 
| 460 662758 | 662852 | 662947 663041 
1461 63701 | 663795 | 663889 663533 
462 664642 | 664736 | 664329 664924. 
463 665581 | 665675 | 655769 | 665862 
464 | 565518 666611 | 666705 | 666799 

465 | | 667454 | 667546 | 667639 6677 
466 668386 | 668479 | 668572 663685 
467 | | 669317 | 669409 | 669503 | 669596 

| 458 670246 | 670339 | 670431 | 670524. 
469 71173 | 671265 | 671358 | 671451 
470 672098 | 672150 672283 | 672375 

| 471 | | 673021 | 673113] 73205 | 673297 
472 673942 674034 674126 | 674218 
473 674861 | 674953 | 975045 | 675137 
| 474 | | 675778 | 675869 | 675902 | 676053 
47s | | 676694 | 676735 676896 676968 
- | 476 677607 | 677698 | 677789 | 677881 
© | 477 | | 678518 | 678609 | 678700 | 678791 
478 | | 679423 | 679519 | 679609 | 679700 
| 80 6812 I 681332 681422 681513 
487 8 632235 682326 | 68241 
432 $3047 | 633137 | 083227 | 683317 
| 483 683947 | 684037 | 684127 684217 
| 484 | | 684845 | 654935 | 685025 | 685114 
| 68 50 685831 | 685921 | 686010 
435 | 636636 | 636326 636815 | 63650 
437 687529 687618 687707 08779 
438 83419 | 688509 | 638598 | 688687 
489 | | 689309 | 689398 | 689486 * 689775 


Ihe Table of Logarithms. | 
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6 


663324 
664266 


7 


— • ö» 2U—U—L 


663418 


664359 
665299 


666237 - 
667153 


668106 
669038 
669567 
670895 
671821 


672744 


673666 
674586 
675503 
676419 


677333 
678245 
679155 
630063 
630569 


631374 | 


632777 
633677 


684576 


635473 


686368 
687211 


688153 
689042 


689930 


8 


663512 
664454 


665393 


666331 


667266 


—— 


668 199 


669131 
670060 
670988 
671913 


— ———— 


672836 


673758 
674677 


675595 


676511 


677424 
678335 


679246 6 


680154 


681060 


681964 


682867 6 
6837676 


684666 
685563 


636458 
637351 
638242 


639131 
690019 


| 


9 


i 


| 


— 


— . —— f * — ——— - - — = 
— " 


Logarithms. | 


| 694605 


703291 


| 706718 


| 709269 


693727, 


707570 


712649 


95 


690196 
691081 
691965 
692847 


995482 
6966356 


697229 
698101 


698970 
699838 
700704. 
701568 
7024.30 


704151 
705008 
705863 


708421 


710117 
710963 


711807 


713491 
714.32 


1 


690285 
691169 
692053 
692935 


693815 


694693 


695559 


696444 
697317 
698188 


699057 
699924 
700790 
701654 


| 
103377 
704230 
705094 
707949 


706803 


707655 
708506 
709357 
710202 
711048 


712734 
713575 
714414 


715107 


715271 


711891 


The Table of 


702517 | 


| 


, 


p 


'2 


690373 
691258 
692142 
693023 
693503 


694781 
695657 
6531 


97404 


698275 


699144 
700011 
700877 


701741 


702603 


703463 
704322 
705179 
700035 


706888 


707740 
708591 
709439 
710287 
711132 


711976 
712818 
713659 
714497 


71653357 


0 


| 


| 


690462 


700963 


705265 


709724 


712902 
714581 


3 | 


691347 | 
692229 
693111] 6 
693991 | 
694868 
695744 | 6958 
696618 


097491 
698362 


699281 
700098 | 


701827 
702689 


703749 
704408 


706130 
706974. 


707911 | 
708761 
709609 
710456 
711301 


707826 
708676 


710371 
711217 


712060 | 7121 
712980 
713826 
714665 
715501 


713742 


715418 


The Table of Logarithms. 
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| 703721 
| 704579 
| 7054.36 
| 70629 1 

| 797144. 


— G___—  —_— 


1 BO + A 


l 
— — 


707956 
703346 
705694. 
710540 
711385 


— ONS 


712229 
713070 
713910 
714749 

715586 


690728 
691612 


6 | 692494 


693375 
694254 
695131 
69600 
696380 


697752 
698622 


699491 
7003578 
701222 
702086 


702947 


703807 
704665 
70FF22 
706376 
707219 


708031 
708931 
709789 
710625 
| 711469 


712313 
713154 
713994 
714833 


n 


690816 
8 

92583 
693463 
694342 


n 
7 | 666094 
696968 


97339 
698709 


699528 
700444 
701309 
702172 


703033 


703893 


704757 
705607 
706462 
707315 
708166 
70901 
709863 
710709 
711554 


712397 
713238 
714078 
714916 


8 


6909 
691789 
692671 
693571 
694429 


695307 


696182 


697055 


97926 
698706 


699664 


700531 
701397 
702258 
703119 


703979 
704837 
705693 
706547 


707399 


708251 
709100 
709943 
710794 


711639 


712481 
713223 
714162 
714999 


715753 | 715836 


690993 
691877 
692759 
693639 
694517 


— — — 


695394. 
696269 


6 7142] | 
ors | 
93883] | 


699751 


700617 
701482 
702344 
703205 


70 


704922 
795778 


707435 


709185 


711723 


713407 
714246 
| 715084 


7159190 


9 || 


7066 32 
708336 
710033 
7108790 


712566 


717660 


| 


* 


— 


— 


* 


| 716003 


716838 


| | 717671 


718502 
719331 


720159 
720986 
721811 
722634 


7234.50 


| 724276 
| 725095 
| 725912 

726727 
| 727541 


728354 


729165 


729974 
730782 


731589 


| 732394. 


733197 


133999 


734799 
735599 


Ps AE Su rn erin noone 


736397 


737191 
737987 


738781 


739572 


; 1 


716087 
716921 
717754 


718585 


719414. 


720242 
721068 
721893 
722716 
723538 


724358 


725176 
125993 
726809 


727623 


728437 
729246 
730075 
730863 
731669 


732474 
733278 
734079 
734879 


735679 


736476 
737272 
738067 
738859 
739651 


2 


716170 
717004 
717837 
718668 
719497 


720325 
721151 
721975 
| 722798 
723619 


732557 
733358 
734159 
734959 
735759 


736556 
737352 
733146 
Ja 6+ 


39731 


724439 
725258 
726075 
726890 


727704 


| 728516 
129327 
730136 
| 739944 
131749 


"i he Table of Logarithms. 
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716254 
717088 
717920 
718751 
719579 


720407 
721233 
722058 
722881 


72370 


724522 
725339 
726156 
726972 
727755 


728597 


729408 
730117 
731024 


731830 


732635 
733438 
734239 
735039 


735838 | 


736635 
737431 
738225 
739018 


739809 


55 —— 


71 63 37 h 
717171 


718003 


218834 
719663 


720490 
721316 


722140 


722963 
723784 


— 


724604 


725422 i 


726233 


727053 
727866 


723678 
729439 


730298 


731105 
731911 


732715 
733518 


734319 


735119 
735918 


— — 


736715 
737511 
738305 
739097 


739889 


„nw ́?́ WWW ðͤ 2 
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The Table of Logarithms. 

5 „„ 4+ # y 1] .# 

: 1 — 

116421 | 716504 | 716533 | 716671 | 716554 | | 83 
717274717338 717421 | 717509 | 717587 | | 83 
713036 | 715169} 718253 | 718326 718419 33 
718917 | 713999 | 719033 | 710165 | 719248 83 
719745 719828 719911 | 719994 | 720077 83 
720572 720655 720738 720821 | 729903 | 33 
7213987214811 721563 | 721646 721728 82 
722222 722309 722387 | 722469 | 722552 82 
723045 | 723127 723209 723291 | 723374 82 
hed 723948 724029 | 724112 | 724194. 82 
724635 724767 | 724349 724931 725013 82 
725503 | 725585 | 725667 | 725748 | 725329 82 
126319 | 726401 | 726433 726564 | 726646 | | 82 
127134 | 727216 | 727297 | 727379 | 727459 | | 51 
127948 | 728029 7281100728191 | 723273 81 
728759 728841 728922 729003 729084 81 
129569 | 729651 | 729732 | 729313 | 729393 81 
730378 | 730459 | 730540 | 730621 | 730702: 81 
731186 731266 731347731423 731503 | [81 
731991 | 732072 | 732152 Lined That 814 
732796 732376 | 732956 | 733037733117 | 80 
733598] 733679 | 733759 | 733839 733919 80 
734399 734479 | 734559 | 734639734719 80 
735199| 735279 | 735359 | 735439] 735519 80 
735998 | 736078 | 736157 | 736237 736317 80 
736755 | 736374 | 736954 | 737934 | 737113 | | SO 
737590 | 737669 | 737749 | 737829 737908 79 
733384 | 738463 | 733543 | 733622 | 738701 | | 79 
739177 | 739259 | 739335 | 739414 | 739493 79 
739968 | 740047 | 740126 | 740205 | 749234. | | 79. 


Cc 


ithms. 


| 745355 


| 752816 


| 758912 


6 | | 760422 


| The Table of Logar 


8 


740363 
741152 
741939 


£ 


740442 
741230 
742018 


742725 | 742502 


14.3509 


744293 
745075 


746634 
747412 


748188 
743963 
749736 
| 750508 
751279 


4 


752048 


753583 
754348 
7775112 


| 755855 
756626 


757396 
758155 


755668 


761176 
761928 


743588 


745153 
745933 
746712 
747489 


748266 
749040 
749814 
750586 
751356 


| 

752125 
752893 
753659 
755425 


757189 


755951 
756712 
157472 
755230 
758988 


759743 
7604.98 
761251 


762003 


744371 


740521 

741309 
742096 
742882 
743667 


744449 


145231. 


746011 
746789 
747567 


743343 


| 749113 
749391 
750663 


| 737433} 


752202 


752969 


753736 
754.501 
755265 


756027 


757548 
758306 
759063 


759819 
760573 
761326 
762078 


7 


5 


740799 
74.1389 
742175 
742961 
743745 


744528 
747309 
746039 
746868 
747645 


748421 
749197 
749968 
750739 
751510 


772279 


153047 


753813 
7574578 
755341 


6102 
756788 75686; 


756864 
277627 
758382 
759139 


759894. 
760649 
761402 
762153 


762679 


362754 


762829 


762904 


— 


5 
740757. 
741546 
742332 
743118 
743902 


744634 
745465 
746245 
747023 
747800 


743576 
749349 
"ores 
750894. 
151664, 


| 


19243 3 
7531 

753966 
754730 
755494. 


756256 
757016 
777775 
153533 
159290 
760045 
760799 
761552 
762303 


763053 


The Table of Logarit hms. 
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74033 
741624. 
742411 


2743196 
743979 


744764 


745543 
746323 
747101 
747878 


743653 


749427 
750199 
750971 


| 751748 


752509 | 


753277 
754042 
754300 
755569 


756332| 


757092 
757851 
758609 
759366 


— 


760121 


760875 
761627 
762378 


763128 


| 7 | 


740915 
741703 
742439 
743275 
744058 


744340 
74.5621 
746401 - 
747179 
747955 


748731 
749504 
750277 
751043 
751818 


8. 


— — — 


740094 


741782 


742563 
743353 


744136 


744919 
745699 
746479 
747256 
745033 


748808 
749582 


720354 


271125 
751395 


772663 
753429 | 


754195 
754959 
755722 


756484 
757244 
758003 
758761 
759517 


760272 
761025 
761778 
762529 


1 


741073 
74.1860 


742647 | 


143431 


744217 


744997 
747777 
746556 
147334 
743110 


743885 
749659 
750431 
751202 


751972 


752739 


753506 
754272 
755036 
755799 


756560 


157320 


758079 
758836 


159592 


760347 


761101 
761853 
762604. 


| 


763379 


763353 


_ 0 IT 


£ The Table of Log 


arithms, © 
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763428 


1764176 
764923 


765669 
766413 


767156 
767898 


| 768638 


769377 


770115 


| 770852 


771587 


| 773055 
773786 


774517 
775246 


776701 


| 777427 


| 778157 


778874 


779556 


780317 
781037 


78177 


| 792473 


753189 
753504 


| 784617 


| 


715914 


5. 


763503 
764251 
764998 
765743 
766487 


767230 
767972 


768712 


7694F1 
770189 


770926 
771661 


172395 
773128 


773859 


774589 
775319 
776047 


776774 


777499 


778224 
778947 
779669 
730389 
781109 


781827 
782544. 
783260 
783975 


784689 


2 


76357 

764326 
765072 
765818 
766562 


767304 
468046 
768786 
769525 


770263 


770999 
771734 
772468 
773201 
773933 


774663 


775392 
776846 


777572 


7782896 
779019 
779741 
780461 
781181 


7818 9 
792678 


783332 


784046 
784759 


| 


| 


————— 


r 
5 


3 


—— 


763653 
764400 
765147 
765892 
766636 


767379 
768119 
768860 
769599 
770336 
771073 
771808 
772542 
773274 
774006 


774739 


775465 
776119 


776193 
776919 
777644 


778368 
779091 
779813 


7805 33 
781253 


781971 
782688 
783403 
784118 
78483 


— 


[- 
| 
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The T, 11 of Logartthms. 
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85 EF TY D 
763802 763877 763952 | 764027 764101 75 
-61549 | 764624| 764699 | 764774 | 764348 75 
765296 767370 76744 | 765519 | 765594. 75 
76 6041 766115 766189 | 766264 | 766328 74 
766785 7668 59 766933 767007 767082 74 
167527 767601 | 767675 | 767749 767823 74 
763263 768342 768416 768490 763564 | | 74 
769008 769082 769156; 769229! 769303 74 
769746 769820 | 769894 | 769968 770042 | | 74 
770434 770557 | 770631 | 770705 | 770778 | 74 
771219 771293 | 771367| 771440 771514 | | 74 
771% 772028772102 772175| 772248 | 73 
772638 772762| 772837 772008 | 772981 | i 73 
773421 773494 | 773567 | 773640 | 773713 73 
774152 | 774225 | 774298 | 774371 | 774444 | | 73 
774932 | 774955 | 775023 777100 775173. 22 
777610775583 775756| 77829 C | | 73 
776338 | 776411 | 776433 | 776556 | 776629 73 
777064 |-777137 | 777209 | 777282 | 777354 73 
777789 | 777862 777934 | 778006 | 778079 | | 72 
78712 778585778658 778729778802 F 
779236 | 779308 | 779330 | 7794.52 | 779524 
7790957 | 780029780101 780173 | 780245 
780677 780749 | 780821 | 7580893 | 780c65 
731396 | 781463 | 731539 | 781612 781634 
732114 | 782156 | 782258 761319 782401 
782831 | 782902 | 782974 | 783046783117 
753546 | 783618 | 783639 | 783761783832 
734261 | 784.332 | 734403 | 784472 734.546 
| 734974 | 785045 | 785116! 785187) 785259 


| The Table of Logarithms. 


© 


786041 
1786751 
| 787460 

788164 


1 | 738875 
784581 
790287 
| 700988 
791691 


792392 


} | 793092 


793791 
795185 


795380 


| 797268 
797959 
798651 


| 799341 
800029 


800717 
801404. 
802089 


802774 
803457 
804139 
304821 


' | 985329 


794488 


756574 


1 1 


785401 
786112 
786322 
757531 
738239 


788946 
789651 
790356 
791059 
791761 


792462 
793162 
793860 
794553 
795254 


195949 
796644 
797337 
798029 
798719 


799409 
800098 
800786 
801472 
802158 


—— — . 


802842 
803527 
804208 
804889 


| 


— 


* 


755472 
786183 
786893 
787602 
788309 


789016 
789722 
790426 


791129 
791831 


— 


792532 
793231 

793930 
794627 


795324. 


796019 


796713 
797406 
798098 
798789 


799478 
800167 
800854 
801541. 
802226 


802910 


803594 


804276 
804957 


3 


735543 | 


786254 


786964 


787673 
788381 


789087 


739792 | 
790496 


791199 
91901 


792602 | 
793301 


793999 
794697 


797393 


796088 


796782 
797477 


798167 


798858 


799547 
8002.36 


80092 
901859 


802297 


802979 
803662 


804344 


805025 
805705 


38055701 


— 


805569 


. 


805637 | 


"The Tnbe of Land. 
N 6 - 9 99 


785636 ow 785323 | 785899 | 785970 714 
786396 786467 | 736538 | 786609 | 786680 71 
787106 787177 787248 787219 | 787389 71 
787815 | 787885 | 787956 | 788027 | 788098 | | 71 
733522 | 788593 | 788663 738734 | 788804 | | 71 


739228 | 789299 | 739369 | 739439 | 789510 | | 71 
739933 | 790004 | 790074. | 750144 | 29015 | 70 | 
790637 | 790707 | 750778 | 790848 | 750913 | | 70. 
791339 | 791409 | 791430 | 791550 791620 |. 

792041 | 792111 | 7921581 | 752252 | 792322 | | 70 | 


792742 792812 | 792332 | 792952 | 793022 70 
793441 | 793511 | 793591 | 793651 | 793721 70 | 
794139 | 794209 | 794279 | 794349 | 794418 4: 
794336 | 794.906 | 794976 | 7904s | 79filig | | 70 

795532 | 795602 795672 797741797810 | 70 | 


756227 | 756297 | 756366 | 796436 796505 | | 69| 
756921 | 756990 | 797059 | 797129 | 797198 | 69 
797614 | 797683 | 797752 | 797821 | 797850 | | 69 
798305 | 798374 | 798443\ 798513 | 793582 | | 69 
798996 | 799065 | 799134 | 799203 | 799272 | | 69 
| — : | 
795635 | 799754 | 799323 | 799892 | 799561 69 | 
earl e. 800511 80057 800648 69 
801061 801129 | 801198 | 8012 6 | 8013375 6 
801747 801815 801884 | 801952 802021 9 
802432 | 802500 | 802568 802637 802705 69 


——— 


903116 803184 803252 | 803321 | 803339 | | 63 | 
803798 | 803867 | 803935 | 804003 | 804071 68 
804480 | 804548 | 804616 | 804685 | 804753 68 
805161 | 805229 | 805297 | 80536F | 305433. 684 
| 905841 805908 | 805976 | 806044. | 806112 | 68 


— 
* 
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The Table of Logarithms. 

# I 2 3 
9846170 806248 | 806316 806384 
' ©0451 { | 8c6358. 9060 26 806994 807061 
6423807535 807602 807670 807738 
613 S821 3083270 808316 808414 
644 808886 803«<55 809021 805088 

645 8c 55 806627 805694. 809762 
646 | | 81c233 81029 810367 810434 
647 | | $10c04 810571 | $11039| 811106, 8 
613 { | 811575 $11642| 3$11709| 811776 
649 812245 812312812379 812445 
| 650 | 812913812980 813047 813114 | 
651-44 813781 813648 34g 313781 
652 814248 814314814381 814447 
653 814913 814579] 815046| 815113 
654 | | 815578. 815644] 815711 | 815777 
655 | | 816241 | 816308 316374 316440 
656 | | 816504 |316910 | $17036 | 817102 
657 | | 817565| 817631 [817698 617764. 
658 818226 818292818358 818424 
659 818885 818951 | 819017 | 819083 
660819543 819609819676 819741 
661 828235 820267 8235 820399 
662 | | 820858 | 320924 | 820989 821055 
663 821514 | 821509 | 821645 821709 
664. $22168 | 822233 | 822299 | $22364. 
2 | | 
665 | | $22822 822887 822952 | 823018 
| 666 823474 823539 823605 823669 
667 | | 824126 824191 824256 824321 
663 [824776 824841 824906 824971 
669 | 825426 825491 827756 825021 
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ff be T able of Logarithms. 


Fs 149 HW 
806587 805655 806723 $c6790 | | 68 
807264 | 807332 | 807396 | 807467 68 | 
807241 | 808008 | 808076 | 808143 63 
$03616 | 808684808751 808818 67 
809290 809358 809425 809492 67 | 
809c64 | 810031 810098 810166 | 67 | 
69| 810636 $10703 $10770 810837 | 67 
811307 | 811374. | 811441| 811508 67 
811977 812044 [8121111812178 | 67 
812646 812713 [812779812847 67 
813314 813381 313448 813514 67 | 
813981 814048 [814114814181 67 
814647 814714 f 814780 814847 | 67 
815312815378 | $15445] $ifgil 66 
815976 316042 816109816175 66 
4 816639 816705 816771 316833 | | 66 
817301 | $17367 817433 817499 | | 66 
8176062 818028 818094818159 | 66 
318622 | 818688 [818754818819 66 
819281819346 [819412819478 66 
819939 820004820070 820136 66 
820595 820661 [820727 820792 66 
821251 821317 [821282 821443 66 
821906 821972822037 822103 65 
822560 822626 | 822691 822756 67 
823213823279 823344 823409 1 
823865 | 823930 [823496 824061 65 
324516 | 824521 324646 824711 65 
325166 825231 [827296 825361 65 
825815 825880 825947 826009 65 


T7 he Table of Logarithms, | 


O 


| 826075 
826723 


827369 
828015 


828659 


829304 
929947 
830589 
831229 


831869 831934 


832509 


833147 
| 833784 
| 334421 
835056 


835691 
836324 
836957 
837788 
838219 


838849 
939478 
84016 
840733 
841359 


841985 


842609 
843233 
843855 


$44477 | 8 


1 


826129 
826787 
827434 
828079 
823724 


BP 
829268 


830011 
, 830653 
831294 


822573 
833211 


833848 
834484 


835119 


835754 


336387 
837019 
837652 
838282 


838912 
839541 
840169 
840796 
84142 


PR 


826204 
826852 
827499 
323144. 
828739 


329432 


830075 
330717 
8331358 
831998 


332637 
833275 
8333912 
834548 
835183 


335817 
836451 
837085 
837715 
838345 


838975. 
839604 


840232 


840859 
841485 


3 
826269 
826917 
827763 
8282098 
828853 


927497 
830139 
830781 
8314228 
832062 


832700 
833338 
833975 | 8 
834611 
8352478 


835881 
336514 
837146 
837777 
838408 


839038 
839667 
840394 
840921 
841547 


842172 
842796 
843419 
844042 


844664. 


6 


826464 


61827111 


927757 
828402 


829046 


829689 


830332 


830973 


831614 
832253 


832392 


833729 
834166 


834802 


835437 


836071 


836704 


837339 
837967 
838597 


839227 


839855 


840482 
841109 
841735 


84239 


84298 
84360 


844229 


844849 


7 
826528 
827175 
827822 
828467 
829111 


829754 
$3035 
331037 
831678 


832317 


832956 
833593 
834229 


8348668 


| 


835500 


336134 


836767 


837399 
838030 


| 838660 


339289 


839918 


340747 


841172 


1 7875 


842432 
843046 


84369 


844291 
844912 


8 


826593 


827239 
827886 
828531 


329175 


829818 


6 830460 


831102 


831742 
832381 


833019 
333657 
834294 
34929 


835764 


836197 
836830 


"The Table of Logarithms, 


9 


826658 
527305 
827951 


828795 
629239 


829882 
820525 
831166 
831806 


832445 


833083 
833721 
834357 
834993 


835627 


836261 


836394 
838156 


838786 


839415 


840043 
840671 


841297 


841922 


842547 
843170 


843293 


844415 


1845036 


621 837525 | 


. - 
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The Table of Logarithms. 


72 


847098 


845718 
846337 
846555 
847573 


; — 


848189 


848805 


349419 
850033 


| 35c646 8 


851258 


351869 
552479 


353059 


353698 | 


| | 354306 


853913 
8577719 
856124 
856729 


857332 


857935 
858537 
859138 


859739 


860338 


860937 


861534 
862131 


= 


845160 


847779 


846399 
847017 
847634 


848251 
343366 
849481 
350095 
58707 


851319 


951931 
8572541 
573150 
353759 


854367 
854974 


355579. 
856185 


856789 


857393 


857995 


858597 
359198 


859799 


860398 
860996 
961794 
862191 


2 


845222 


345342 


346461 | 


347079 
847696 


848312 
848928 


94974 
850156 


850769 


851381 
871992 
852602 


853211 
853819 


854428 
37704 
855640 
856245 
856849 


— — — 


857453 
858056 
358657 
859258 
859859 


860458 
861056 


861654 


862251 


3 


845284 
345904 
846523 
847141 
847758 


— 9 ——_—— 


843374 
848989 
849604 
850217 
850829 


851442 
851053 
852663 
853272 
853881 


— —6æ—ͥ — — — 


354438 


855095 
855701 
856306 
856910 


By7513 
853116 
858718 


859318 


859918 


860518 


861116 
861714 
862310 


847819 


861176 


845346 


800279 


8571503 


354549 


34.5666 
846585 
847202 


— 


848435 
$450F1 
345665 


850891 | 


852114 
852724 
8573339 
$53941 | 


—— —— 


355156 
855701 
856366 
856970 


857574. 
858176 
858778 
859379 
859978 


860578 


861773 
86236 
862966 


862728 


862787 


862847 


862906 


The Table of Log 


arithms. 


7 | 343559 


851014 


1 | 851625 


847943 


— 
* 


6 


847470 


846089 
846708 
847326 


849174 
849788 
870401 


852236 
852846 


9 862549 


7 
845532 
346151 
846769 
847388 
848004 


848620 
549235 
849849 
850462 
8571075 


851686 
852297 
852907 
853516 
854124 


| 854731 


559337 
$5943 
856748 
857152 


857755 
858357 
305978 

59559 
860158 


860757 


860355 
861952 


863144 


8 


345594 
846213 
846832 
847449 
848067 


848682 
949297 
849611 
$5OF24. 
851136 


851747 
852358 
852968 
853577 
854185 


854792 
855398 
856003 
856608 
857212 


877815 
858417 
8579018 
859619 
860218 


860817 
861415 
862012 
862608 


863204. | 


1 


847656 


9 


346275 
846894 
847711 


348743 
849358 
849972 
850585 


851809 
352419 
853029 
873637 


854852 
855459 
| 856064 
856668 


857875 


859078 
899679 
860278 


860877 


862072 
762668 
863623 


848128 


354245 


877272 


851197 


978477 


861475 | 


|| 


te Table of Logarithms. | 


8 


863977 
864570 
865163 
865755 


— — — 


866346 


866937 


8675726 
868115 
868703 


869290 
869877 
870462 
871047 


871631 


872215 
872797 


873379 


873959 
874539 


875119 


875698 
876276 


876853 


877429 


878004. | 7 


878579 
879153 


879726 


| 
863382 


2 


869408 


| 375235 


871164. 
7074 


3 | 


863501 
864096 
864639 
865282 
865874 


866465 
867055 

867644. 
868233 
868821 


869994 8 
870579 


872331 
872913 
873495 
874076 
874656 


875813 
876391 
876968 


877544 


878119 
878694 
979268 
879841 


N || © 
730 503323 
731 | | 863917 
732 | | 864511 
733 | | 865104 
734 | | 865696 
| 735 | | 866187 
2 866878 
737867467 
728 | 868056 
739 868643 
o | 869232 
5 869818 
742 | 870404 
743 | | 870989 
744 | 871573 
745 | 872156 
7 46 872739 
747 873321 
748 873902 
| 749 | | 574452 
| 750 | | 875061 
551 | | 875639 
5 876218 
75 ;3 | | 876795 
754 377371 
| 755 | | 877947 
756 878522 
757 | | 879096 
758 | | 879609 
759 | |.960242 


880299 


880413 


The Table of Logarithms. 


— 


„ 2 


3 


863679 
864274 
264867 


865459 
866051 


866642 
867232 
— 46-9 
868409 
863997 


869584 
870169 
870755 
871339 
871923 


872506 
873088 
8736 
874249 
874829 


875409 
875987 
876564. 
877141 
877717 


878292 
878866 
879459 
880013 
880985 


7 
863739 
864333 


367719 
866110 


866701 
867201 
867879 
868463 


369056 


869642 
870228 
870813 
871398 
871981 


— —v— 


872564 


873146 
873727 
874308 


874888 


877466 
876045 
876622 
877199 
877774 


878349 


878924 
879497 
880070 


880642 


8 


863799 
864392 


864987 


865578 
866169 


866759 
567349 
867939 
863527 
869114 


869701 
870287 
870872 
871456 


871039 


872622 


873204 
873785 


874366 


874945 


875524 
876102 
876679 
877256 


877832 


878407 
878981 
379555 
880127 


1 5 


863858 
864472 


865637 
866228 


8668 19 
867409 
867998 
863586 

869173 


869759 
870345 
870930 
871715 
872098 


872681 
873262 


873844 


974424 
875003 

87782 
63 
876737 
877314 
877889 


878464 
879039 
879612 
880185 


880699 880756 | 


— 


864045 IS 


n ts 


: . 
4 — x 
33 


be Table 


of Logarithms. 


0. 


880814 


881385 


881955 


882525 
883093 


883661 
884229 


884797 
885361 


885926 


886491 
887054 
887617 
888179 

888741 


889302 
889862 


890421 
890979 


891537 


892095 
_ 

93207 
$93762 
894316 


894869 
99705 

95975 
896526 


897077 


— 


* 


— TT & 


880871 
381442 
882012 


882581 
883050 


883718 


884285 
384352 
885418 
835983 


396547 
887111 
887674 
888236 


838797 


— —— — 


889358 
889918 


890477 


891035 


891593 


892150 
892707 
893262 
893817 
894371 


= 
896029 
896581 
397132 


55 


880928 


331499 
832069 
882638 


883207 


883775 
884342 
334509 


887474 


886039 


886604 


887167 


337720 


888292 


888853 


339414 
889974 
390533 


891091 | 8 
891649 | 3 


892206 


892762 
892318 
893873 
894427 


894980 


895733 
896085 


896636 


897184 


The Table of Logarithms, 


. „ | 
881176 881213 831271 | 881228 $7 
881727 | 881784 | 881841 | 83813998 | | F7 
882297 | 832354. | 332411 | 382463 | | 57 
382866 | 882923 | 8825979 | 833037 57 
383434 | 333491 | 883543 883605 57 
884002 | 334059 | 834115 | 834172 57 | 
834569 | 884625 834682 | 884739 57 
885135 | 385192 887248 385305 | | 57] 
885700 | 385757 | 835813 | 835869 57 
886265 | 886321886378 886434 56 
8868290 886885 836941 | 836998 56 
837302 887449 | 887505 887561 56 
| 887955 888011 888067 88812 56 
888716 388573 | 888629 | 83863 56 
— 889134 | 389189 | 889246 56 
889638 889694. 889749 88986 | 56 
890197 8902530 890309 890365 -| | 56 
890756 | 390812 | 890868 990924 56 
891314 391370 891426 891432 56 | 
391872 891928 891983 892039 56 
892429 892434 | 892539 892595 56] 
892985 | 893040 | 893056 893151 56 | 
893739 | 893595 | 893651 | 393706 | | 56] 
894094 | 894149 | 894205 894261 5 
894648 | 894704 894759894814 [5 
895201 | 895257 | 895312 | 895367 | | 5x | 
895754 | 895309 | 395364 | 89919 | Fo. 
396306 396361 | 896416 856471 FS | 
| 856357 | 356912 | 856967 | 8597022 | | 55 | 
897407 | 897462 | 897517 | By7572 | | 55 


—— 


N | 


0 3 


897627 
8958176 


898725 


899273 


899821 


900367 
900913 900568 


901478 


9 ½co3 


902547 


_— —_—__—_ 


| 903089 


903633 


904174 


904716 
905256 


907796 
| $c6335 
906874 


907417 
907949 


908485 
909021 
909556 
910091 


910624, 


911158 
911690 
912222 
912753 


897682 
898780 


898231 


899328 
899875 


900422 
901513 
90207 

902601 


903144 
903687 
904229 
904769 
905310 


905849 
906389 
906927 
907465 
908002 


908539 
909074 
909609 
910144 
910678 


911211 


2 


897737 
898286 


998825 
899383 
899929 


900476 
901022 


901567 


902112 
902655 


903199 
903741 
904233 
$04324 
905364 


905504 


906443 
907981 
907519 


908 $92 
909128 
909663 
910197 


910731 


913284 


= The Table of Logarithms. 
| * 


; 


I 


—ů—ů— “— 


397792 
898341 


898889 


3994.37 
399985 


9005731 
901077 
901622 
902166 
502709 


903253 
903795 
904337 
904878 
905418 


909958 


908056 


906497 
907035 
907573 
908 109 


908646 
909181 
909716 


910251 


910784 


911317 


911849 


912381 
912913 


1 


4 


— 


397847 | 


898396 


898944 


399492 


600039 | 
90,86 
901131 


901676 
902221 
902764 
903307 
903849 


ow || 


904932 
9057472 


906012 
906571 


907089 


907626 


908163 


908699 
909235 
909769 
e 
910 


911371 
911903 
912437 
912966 


913496 | 


38 


9134431 


— 


— VEE" 2 I W A 


5 11 QI * 


— 


The 7. able of Logarithms, 


904499 


906119 


907734 


ny 8 


397957 
393506 
3990F4 
399602 
900149 


900695 
901240 
901785 
902329 
902873} 


90346 
903956 


905039 
905580 


906658 
907196 


8 


908807 
909341 
909877 
910411 
910944 
911477 
912009 
912541 
913072 


913602 


55 


398012 


898561 
899100 
899656 
900203 


900749 


901295 
901839 
902384 
902927 


903469 
904012 
904553 | 
905094. 
905634 
906173 
906712 
907250 
907787 
908324 


908860 
22975 
930 
910464 
910998 


—— 


—— 


911530 
912063 
912594. 
913127 


898067 
| 393615 


399164 
899711 
900258 


900804 


901349 
901894 
902438 
902981 


9035724 
4. — 
904607 
905148 
907688 


906227 
906766 
907304 
907841 
908378 


908914 


909984 
910518 
91105 
911584 
912116 
912647 
913178 


9136775 


913708 


909449, 


393670 
399218 
399766 
900312 


900859 
901404 
901948 


903036 


903578 


9057742 


906819 
9073578 
| 907395 
908431 


910037 
910571 
911104 


911637 
912169 
912700 
913231 
913761 


4 
2 3 


898122 


902492 


904120 
904661 
9057202 


906281 


903967 | | 
909503 


— 


D d 2 


5 The Table of Legarithms, 


1 75 


913814 
914343 
914872 
915399 
915927 


916454 
916930 
917506 
918030 


918555 


919078 
918601 
920123 


92064 
921166 


921686 
922206 
022725 
623244. 
923762 


924270 
924796 
925312 


925828 
926342 


926857 


927370 


927883 
928356 


928908 


1 

913867 
914396 
914925 
915453 
915979 


916507 
917033 
917553 
918083 
913607 


8913 
919653 
920176 
920697 
921218 


921738 
922258 
922777 
923296 
923814 


924331 
924545 
* ns 

25979 
626294. 


926908 
927422 
927935 
928447 


BY 


913919 
914449 
914977 
917505 
916033 


916559 
917085 
917611 
918135 
918659 


—— —e— — — 


919706 
920228 


920749 
921270 


921790 
922310 
922829 
923348 
923865 


924383 
924899 


925931 
926445 


926959 
927473 
927986 
928498 


919183 


925415 


915030 
9177558 


916085 


916612 
917133 


917663 


918188 
918712 


919235 
919758 


920279 


920801 


921322 


921842 
922362 
922881 


923399 


923917 


924434 
924951 


925461. 


925982 
920497 


927011 


927524 
923037 
928549 


923959 | 929009 | 929061 


929112 


914026 
91475 
915083 


915611 


916138 


—— Cw 


916664 
917190 
917716 
918240 


918764 


919287 
919810 
920332 


920853 


921374 | | 
921394. | | 
922414 


922933 


923471 
e 


—— 


924486 
925003 
925518 
926034 
926748 


927062 
927576 
928088 | 
923601 


— 


— 


The Table of Logarithms. 


5 


14079 
114880 


915136 


916191 


—— — 


917243 
917768 
918293 
918816 


919339 
919862 
920384 
920906 
921426 


921946 


922985 
| 923503 


—— —— 


925054. 
925569 
92608 5 
926599 


927114 
927627 
923139 
923652 
929163 


— — 


915664. 


916717 


922466 


924021 


924738 


6 


914122 


914660 
915189 
915716 


916243 


916769 
917295 
917820 
915345 
9188 9 


— 


919392 
919914 
920436 
920958 


921478 


921998 
922518 
923037 
923577 


| 92.4072 


924539 
925106 
925621 


926137 


926651 


_— — 


927165 


927678 
928191 
928703 
929215 


7 


— — ——— 


914184 


914713 
915241 
915769 
916296 


916822 
917343 
917873 
918397 
918921 


—— 


919444 


919967 
920489 
C21009 


921530 


| 


922050 
922569 
923089 


923607 


924124 


924641 
925177 
925672 
926188 
926702 


927216 
927729 
928242 
928754 
929266 


8 


914237 
914766 
917294 
915822 
916349 


916375 


917400 
917925 
918449 


918973 


919496 
920019 
9205741 
921062 
921582 


922102 
922622 


923140 


9 


914200 


914319 


015347 | 


917875 
916401 


916927 


917473 
917978 
918502 
919026 


9199499 


920071 
920593 
921114 


921631 


922154 
922674 


923192 


923658 923710 


924176 


924693 


925209 


925725 
926239 
926754 


927268 
927781 
928293 
928805 
929317 


924228 


— 


924744 | 
925261 | 


925776 
926291 
926805 


927319 
927832 
928345 
928857 
929368 


| | 


0 


— 
— — 
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ue Table of Logarithms. | 


DJ 


929419 


929929 
730439 
930949 
931455 


931566 


922474 
932931 


933487 
| 933923 


— 


934498 
935003 
935507 


936011 
536514 


937016 
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220 221.44] 66} $8]110|132| 154{176198 | 
221 22] 44 66881100132 154 176198 4 
222] 220 44] 661 88111133155 177199 
223 220 44] 66 891111133] r56\ 178/206 
224 220 44] 67] 89112 1341560179 201 
225 22] 45] 67] 90112135 157 180202 
42261 22] 45 67] 901131135158 180 203 
12270 22 45] 68] 9001130136 158 1311204 |. 
228] 220 45] 68] 9111141136 159182205 
| 229] 220 45 68 910114137160 183]206 | 
| 239] 23] 46] 69] 92,115] 133] 161] 184]207 | 
231] 23] 46] 69] 92115 13816101840 
232| 23] 46] 69] 920116 139162 185208 
1 233] 23] 46] 69] 93116139163 186209 
234 23] 46] 70] 93/117 140163 187]z19 | 
1 235] 23] 47] 7o] 94117 1411641882111 
236 23 47 20 941180141167 188212 
237 23] 47 21 940118 1420165 189213 
71] 95119 142166 190214 
239] 23477/97119 1431167 19% 1 217 
240 24] 480 72] 96 120 144168 192/216 
241 24 43] 72] 96 120144 168 192/216 
242 241 48] 721 96 121)145|169 193217 


E594 


gw nr 


8 


— . — 


The Table of P roportional Parts. 


11791 
160 186213 240 

60187] 214. 241 
1880 215 242 | * 
21890216 243 
2189216 243 | 


$19: 
195 
196 
196 
197 
198 
199 
200 
200 
201 
202 
203| 228 
2041 229 
204230 


219 
220 
221 


223 
224 
225 


226 
227 


206 232 


209 237 


211 227 
212 238 


212 239 


218 | 


225 


1 


2221 


207 23 


210 236 


311900217 244 


207 233 
208 2344 
208 234 | 


E 


1 


ay CP 


: The Table of Proporticnal Parts. 


Ps * awww | 


— 1 


2 5 


Fa 


| 


109 
109 
110 
110 
110 
III 
111 
112 


44112 
112141 
1131141 
113142 
114142 | 
114 143 
114. 1143 
117 [144 
115/144 


116 


| 
118 
11 


871117 


117 
118 
118 


118 


119 
119 


99 20 


7 
136 
1 55 
133 
133 
139 


139 
140 


140 


145 
14 
14 


146175 


147 
147 
143 
143 
149 
150 
150 


'| 


— — 


163 191 
164 191 


1651192 


1651193 
166,193 
166 194 
167 197 
163. 196 


| 163" 156 
169] 1971225253 
169] 198] 226254 
170] 199] 227,255 


17 199 
171 200 
172 200 
172, 201] 
173] 202 
174203 
174 203 
175204 
205 
176 205 
177206 
177] 207 
178] 207 
1780 208 
179 209 
180 210 
180 


210 
181 


1 = 8 


12 


- 4 


— — ' ooo 


213 245 
219246 
220,247 
220,248 
221249 | 
722250 | 
223251 
224252 
224.252 


* 


228256 
2281257 
229 258 
230279 
231260 

232/261 
232/261 
233262 
2342634 
235 644 
236265 
2360266 
237267 
238268 
239269 
240270 
240270 


20 151 


241271 | 


Table of Proporti onal Parts. 
N = 


| 
F167 


The 


oO IR . 


115111810212 
1521820212 
152183219 
153 1831210 
152 18421. 
123 


154 184.215 
154 135 216 
175 186217 
1557 136/217 

56; 187218 
210 
219 
220 
221]: 


156 187 
198 
189 
189 


329 


227 


441 
222 
223 
224 
224 


226 


228 
228 
229 


— — 


* 
83 
4 


1111 


The Table of Proportional Parts. 


* * 
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wy | 


333] 33] 65] 99 133 166199 233 266 299 
334! 33] 66| 100] 133, 167 200, 233; 267300 
335] 33] 67, 100.134 167] 201 234268 301 
| 336] 33] 67, 10134 163 201| 235] 268/202 | 

337] 33] 67] 101134 168] 202 235 269,303 
333| 33] 67] 101] 135; 169 202; 236, 270204 
339] 33] 67] 101} 135! 169 204] 237 271305 
| 340| 34] 63] 1021 136' 170 204] 238; 272/2c6 | 
241] 34 63] 102136 170 204] 238 272/206 
342], 34 63 102 136, 171| 205] 239] 2721307 
343] 34 63102 137 171] 205} 240274308 
344 34] 68 103] 137} 172 206} 240 2751209 
345] 34 6910301380172 207] 21276310 
3460 34 69 1031380172 20% 242276211 
347] 34 69 104138 172/208 242 277ʃ 212 
343] 34 60104139 174208, 243! 273213 | - 
349] 34 69| 104] 139] 174, 209 244, 279/214 
359] 35 70105 140] 175] 210 245; 230 15 
251] 35 70/105 140} 175) 2101 215] 280 717 
3572 35 70105; 1400176211246 281 216 
353] 35| 701105 141] 176] 2111247] 222 215 
354] 35] 70 106! 141] 177 212 247273218 
357 35 71106 142177213 24% 234 3219 
6 35 711106. 142} 173] 212 24: 28.4 229 
357 35] 71] 1071 142] 173] 214 24235 221 
253] 35 71] 107] 143{ 179! 214 270 236 222 
359] 35| 71] 107] 1430179215 2610287 223 
| 260) 36 72] 108] 144! 189 216 2521239 24 
5 72 108; 144 130i 276 2721288 224 
[ 108 144 181 215 . 29+ 27 | 


* 1 9 LS OY" | 


2 


. 


BY 


| The Table of Proportional Parts 


182: 218 


132,219 
6 183 
184 220 
1840221 


186 223 


193 231 
193 232 
194 238 
194 233 
195 233 
195 233 

156! 156 234 


6 


217 


219 


220 


222 
222 


223 
| 224. 
225 
225 
226! 
226 
227 
228 
228 
229 
229 
| 230 
231 


7 N 


254 
254 


25 
256 
25 


257 
258 
259 
259 
260 
261 
261 
262 
263 
263 


26 
265 
266 
ay 
2 
260 
268 
269 
270 
270 
271 
272 
273 
273 


293 
294 


295 


296 
296 


297 


298 


299 
300 


zoo| 


301 
302 
303 
304 
304 
305 
306 
307 


308 


308 
309 
310 


311 
312 


312 


313 352 | 


351 


274 


r 


; The Table of Proportional Parts. | 


| £1 „ | 
3 45157139 
117] 157) 196 27503146353 
1180157197236 277315374 
11801580197 276, 316355 | 
118158198 2773163565 
1191580198 2770317377 
119159 199 wg 315 353 
119159199 279 2293895 
120 = 200 230] 320/360 
1200160 200 230 320/260 
[20] 160|201| 241] 281 321/361 
120] 161020102410 282 322362 
121] 161] 202] 242] 28203230363 
121] 162] 202 283] 324/364. 
I21| 162|203 284] 324/265 
122] 162| 203 234, 3251366 | 
122] 162] 204. 235] 3261267 | 
122] 163| 204 125 3271268 
123] 164 205 | 2371 3280369 
1231164 20% 246, 287] 3280369 
123] 164|206, 247|238] 329370 
1231651206 239] 3301371 
124] 165] 207 239] 3311372 
124. 166] 207 29003320373 
124166208 291] 332/374. 
1251660208 250,291] 333 375 
125] 167] 209] 250/292] 334/376 
1251 167] 209] 2512931 3351377 | 
126] 163] 210|252 294336378 
126 163] 210|252 294] 336 378 
e 
126 168] 2111253 295 337/379 | 


. 


* 


— 
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The Table of Proport tonal Parts, 


— 


1301174 


bo 


170 


170 
171 
171 
172 
172 
172 
173 
173 


169 211 
169 212 


| 


170,213 
213 
214 256 
214 257 
215 258 
215 258 
216 259 
216 259 
217 2 


50 


253 


254 
'212/25F 


256 


217 261 


7 


AND 


TAN GEN TS 


To every 


OF THE | 


TABLE, 


Ms SINES| 


DEGREE and MINUTE 


QUADRANT. 


LON Þ 0x. 


Printed by F. Leake, for W. FxE EMAN, | 


at the Bll againſt the Middle- -Temple- 
Ga te in Fleerreet M DCG VI 4 


Ls NT 


2 —_ 


ud. 


Degree o. 


. „ Rn S | 


= 
O 


| 82 180 2 — — — 
SSR ISSN eo 


Sine 


O. OOO 


7.241877 


7.308824 


7.366316 
7.417568 
7.463726 


7.505118 


7.542906 
7-577668 
7.6098 53 
7.6 39816 


7.667844 
7.694173 
2218977 
7.742477 


7-764754 


7.755943 
7.806148 
321475 
7.843034 
7.878695 
7.895085 
7.910879 
7.926119 


17.940842 


— 


9.999999 
9.999999 


9.999999 


9.999999 
9.999999 


9.90099 
9.999999 


0.999998 


9.999998 
9.999997 


0.999997 | 


9. 999996 


9.999966 | 
9.9999 9 | 


9.999997 
9.999994 
9.999993 
9.999093 


9.599991 
9.99990 


9.999989 


0.959987 
9.900985 


C.0G0G82 


9.999999 
6 | 9.999599 


9.999992 | 


9.999989 | 


9.99988 
9.650086 | 


Sine 


| Tangent 


O. OOOOOO 
6.463726 
6.764756 
6.940847 
7.065786 
2.162696 
725 878 
7.308825 
7.366317 
7.417970 
7243727 


7.542909 
7.7272 
7.6098 57 


7.067849 
7.694179 


| 7-719003 


7.742484. 
726996 


7.785951 


7.826460 
2843044 
7.861674 
7.878708 
7.895099 
7. 910894 
7.926124 
2.4408 8 


7. 505120 


7.639826 


7.806145 


K 
Infiniza. 


13.536274 
1 3.235244 
13.059153 
1 2.934214, 
12.837304 
12.758122 
I 2.691 175 
12.633183 
12. 582030 
12.536273 


12.494880 


12.422328 


12.390143 
12. 360180 


12.332151 


12.281997 
12.257516 
12.230229 


12.193847 
12.174540 
12.156056 


12.121292 
12.104901 


12.073886 
12.050142 


12.477091 


12.305821 


12.214049 


14.128326 


12.089106 


5 Tangent | 


Deprec 89. | 


— 


—_———— 


— 


— _—_— 


N 
ö 


5 | 
| 
i 


Degree 1 - | | 
sine 4 | Tangent 4 | | 
7.940842 | 9.999983 7.940853 12.059142 30 1 
7.955082 | 9.999982 | | 7.955100 12.044900 29 | =_ 
7.968870 | 9.999981 | 7.968889 | 12.031111 3 þ 
7-982233 | 9-999980 | [7.982253 12.017747 27 | 
7-995198 | 9.999978 | | 7.995215 | 12.004781 | 26 
8.007787 9.999978 | [3.007810 |11.992191 | 25 
8.020021 | 9.999976 | | 3.020044 | 11.979956 24 
| 8.031919 [9.999975 | [8.031945 [1.963055 | 23 | 
8.043601 | 9.999973 | 8.043727 |11.956473 | 22 
8.054781 | 9.999972 054309 | 11.945181 | 21 
8.065776 | 9.999071 8.065806 11.934194 20 
8.076500 | 9.999969 | 8.076531 11.923469 10 
| 8.086965 | 9.999963 | 8.086997 11.913003| 18 | 
3.097183 | 9.999966 | | 5.097217 | 11.002783 | 17 
8.107167 | 9.999964 | 8.107203 11:392797 | 16 
8.116926 9.999963 8 116963 11.883037 17 
8.12647 19.999961 8.126710 11.873490 14 | 
3.135$10|9-999959 | |3.135S51|11.364149] 13 
144953 | 9.999958] |3.144996| 1.355004 | 12 
.153907 | 9.999956 | 8.153952 11.38460548] rt 
8.16261 | 9.999954 | [8.162737 118372731 
8.171280 | 9.999952 | 8.171328 11.328672| 9| 
8.179713 |9-999950 | 8 179763 11.320237] 8 | 
8.187985 | 9.999948 | | 8.188056 11.811964| 7 | 
8.196102 | 9.999946 | 8.196156 11.803344| 9| 
8.204970 | 9.999944 | | 5.204126 11.795674| F | 
8.211895 9.999942 8.211953 11.788047| 4 
8.819581 [9.999940 | 8.219641 11.780359] 3 
153 | 8.227134 | 9.999933 | 8.227190 11.772805 2 
3.234557 | 9.999936 8.234621 11.767370 1 | 
8.24185} 9:999934 8.241921 11.758070 O| 
1 r Tangent | 
3 Degree 89. I 


BY 


— 


\ 


Tangent 


Degree 1. 
| M Sine : Tangent; 
> | 8241855 | 8834 |8:241921 11278579 [60 
18.249033 9-999932 | | 8-249102 | 1.750398 | 59 
2 8.26094 9.999929 8.256165 11:743335 | 58 
3 8.263042 9.999927 8.263115 11.736885 57 
4 | 8.269831 | 9.999925 8.269956 11.730044 
14 8.276614 9:999922 | 8.276691 | 11.223309 C 
6 | 8.283243 | 9-999920 | |8.283323| 11716677 | 54 
78.289773 9-999918 | | 8.289856 | 11.716144| 53 
8$ | 8.256207 | 9-999915 | | 8.296292 | 11.703708 | 52 
9 | 8.302546 | 9-99991 3 8.302624 11.697366| 1 
10 | 8.308794 | 9:999910 | | 3.308884 | 11.691116|0 
11 8.314954 9-999907 | | 3.315046 11.634954 |49 
12 | 8.321027 9.9999 | | 3.321122 | 11.678878 [48 
13 | 8.327016 | 9-999902 | 8.327114 11.672886] 47 
14 | 8.332924 | 9-999899 | 8.333027 11.666975 [46 
5 | 8.333753 | 9-999897 | | $.335856| 1.661144 [45 
16 | 8.344504 | 9.999894 | 3.344610 11.655390 |44 
17 | 8.350180 | 9.999891 | [8.350239 11.649711 [43 
18 | 8.355733 9.999888 [3.355895 11.644105 42 
19 | 8.361315 | 9.999885 9.361430 | 11-638570 41 
20 | 8.366777 9.999882 8.365895 11.633105 40 
21 8.372171 9.999879 8.372292 11.627708 3 
22 | 8.377499 | 9.999876 | 8.377622 [1.622378 |3 
23 | 8.387762 9.999973 8.382889 11:617111 
24 ) 8.387562 | 9.999870 | (8.388092 11.611908 | 36 
25 | 8.393101 | 9.999867 | | 8.393234 | 11:606766 | 3} 
26 | 3.398179 | 9.999864 8.398315 11.601685 | 34 
27 3.403199 9.999861 | | 8.403338 | 11.596662 | 33 
28 | 8.408161 | 9.999858 þ | 8.408304 | 11.591696 | 32 
29 | 8.413c68 | 9.999854 | 8.413213 11. 6787 | 31 
30 | 8.417919 | 9.999851 | 8.418068 142398] 2 
9 | i | | 
Sine 


8 Degree 88. 


dead. 


r de ebnen A 


S een, e N „ n ” 
3 . 5 s 3 n 


5 # 


Degree 1. 
M | Sine F? Tangent | - 
E 299995 2400000 11.581932 
«422717 9.99984 ＋22 11.577131 
8.427462 9.999844 3427618 11.572382 
8.432156 | 9.999841 8.432315 11.567635 
8.436300 | 9.999838 | | 3.436562 | 11.563038 
8.441394 | 9.999834 | | 3441560 | 11.558440 
3.445941 | 9-999831 | [8.446110 11.573990 
8.450440 | 9.999827 | [8.456613 |11.549387 
8 3.454593 9:999824 Fatty 11.544930 
459301 9.999 20 | . 1 11.540571 
42557 | 9.999816 8474 | 11.36151 
8.467985 | 9.999812 | 8.463172 11.531828 
| 5.472302 9.999809 | | 8.472454 | 11.527546 
3.47649 9.999805 | | 8.476693 | 11.523307 
8.480693 9.999801 | 3.430392 |11.519108 
45 | 8.484348 | 9-999797 | | 3435050 |11.514950 
8.438963 9.999794 | | 3.486170 |11.510830 | 
8.493040 9.999790 | | 8.433250 |11.506750 
t 8.497078 | 9.999786 | 3.497293 11.502707 12 
8.501080 9.999782] | 8.501298 11.498702 | 
8.5ogogs | 9:999778 | | 5.595267 11.494733 10 | 
8.508974 | 9.999774 | | 8.509209 | 11.490300 4 
8.512867 | 9.99976 8.51 3098 |11.436902 5 a | 
8.516726 9.999765 | | 8.516961 11.483039 7 | 
8.520551] 9.999761] | 8.520790 [11.479210| 6 | i 
8.524343| 9:999756| | 3.524586 11.444 7 9 
8.528102 9.999753 8.728349 11471651 4 9 
8.531828 9.999748] 8.522080 11.467620 3 || 
8.535523| 9-999744 | | 3.535779 [11464221 | 2 | fi 
8.539186 9.999740 739447 11-460553| 1 | | 
| 8.542819] 9.999735 | | 3.543084 | 11-456916 |_© 9 
| 3 Sine | nn Tangent | M | i 
| Degree 88. i 
oj ai — i— | £ | ö 


Degree 2. 


| 


> 
— 


WO ON ala £9 892 4 0 


Sine | | Tangent | 
3.542319 9.999237 | [3.543034 |11.456916 | 
5.546422 [9.999731 8.546691 11.453309 
8.54999 9.999726 9.0268 11.449732 
9.553558 9.999722 |3.553917|11.446183 
557054 9.999717 8.57336 11.442664 
eee e 
8.563999 9. 999708 [3.564291 11.435709 
#67431 9.999703 8.567727 11.432272 
8.570336 9.999699 8.571137 11.428863 
8.574214 [9.995694 | 8.574720 11.427480 
8.577566 9.999639 8.577877 11422123 
3.530892 | 9.999685 8.58 1208 11.418792 
8.594193 [9.995680 | 8.584514 11.415486 
8.537469 9.999677 | [3.587795 | 11.412205 
3.590721 19.999670 | 8.591051 11.408949 
8.593943 [9.999665 | [5.594233| 11.405717 | 45 
8.597152 | 9.995660 | | 8.597492 | 11.402508 
8.600332 | 9.999655 9.5007 11.399323 
8.603488 | 9.999650 8.603838 11.396161 
8.606622 9.999645 8.606978 11.393022 
3.609724. | 9.995640 | 8.610094 11. 38006 
8.612823 9.999637 8.613189 11.386811 
3.615891 66074 8.616262 11.383738 
8.618937 | 9.999624 | 8.619313 11.380687 
8.621567 | 9.969619 | [8.622343] 11.377657 
8.624965 | 9.999614 | 8.625372 11.274648 
8.627948 | 9.999608 | 8.628340 11.371660 
8.630911 [9.999603 | 8.631308 11.368692 
8.633354 [9.999597 | 8.63446 11.365744. 
8.636776 |9:999592 | [8.637184] 11.362816 
8.639679 [9.999586 | EW 11.3790 
| = ES 


I Tangent 


Degree 87. 


Degree 2. 
M | Sine | | Tangent 1 
= 867557 (9.999786 | | 3640093 [1.350977 | =. 
8.642563 9. 99975810 8.642982 11.357017 29 
8.645428 9.999775 | | $-045853 |11-354147 23 |, 
8.643274 |9-999570 3.648704 |11.351206 | 27 
$.65110219.999564 | | 3.651538 [11-343463 26 
54739 [9.999558 | | 3654352 e | 26 | 
3:65670219.999553 | | 8.657149 11.3470 
9.650475 9.999747 | 3.659923 11.347 22 
622309. 999541 8.662689 11.337311J(22 
8.664968 9.99655 | 3665443 11.334967 2 
8.667689 9. 9995290 8.668 160 11.331840 22 
8.670 3939.999723 8.670869 11,3291 30 19] 
8.673080 9. 99975180 8.673063 11326437 18 
8.67575119-999512| 8.676239 11.323761 171 
8 78405 9.999506 | 8.678899 11.321100 16 0 
8.681043 9.999499 | 8.631 544 1113475 15 
3.633665 9.999493 8.684172 11.315828 14 
8.686272 9.999487 8.686784 11.313216 13 
8.633392 | 9.999481 | | 5 639331 11.310619 1} 
8.691438 19999475 | | 3.691563 11.308037 1 
8.693998 09.999409 8.694529 11.3421 = 
8.696543 9.999462 | | 3.697031 [1132959 91 
8.69903 9.99946 8.699617 |11-300323 3] 
8.701589 9:999450 8.702130 11.297861 3 1 
8.704099] 9.956443 | 8.704646 11.95 | ot 
8 706776 9.999437 8.202120 11.292860 
8.709049 9.999431 | 8.709618 11.290381 4 
8.7115079.999424 8.712083 11.287917 34 
7139529.999418 8.714034 11.287466 2 
8.716383 9.999411 8.716972 11.283028 | 
8.718800. 9.999404. 8.719396 11.280604 | 2 
eine rg: 134] 
Degree 87. = | 


Ft 3 


Degree | 3. | 


> 
— 


© any ana es ty Ts. 


10 


8.728336 
| 3.730038 


| Cine | 


$.7188c0 
3.721204. 


8.723595 
3.725972 


e 
735354 
3.737667 
8.739969 
8.2422 9 
8.744736 
8.746801 
8.745955 
8.751297 
8.753528 
8.755747 
8.757955 
| 8.760151 
8.762337 
3.764511 
8.766675 


8.768828 
8.770970 
8.773101 
8.775223 
8.777333 
8.779434 
8.781524 
8.78 3605 
8.785675 


8 


9-999404 


9.999398 | 
9.999391 | 


9.999384 
9.999378 
9.999371 
9.999364 
9.999357 
9.999350 


9.999343 


9.999336 
9.999329 
9.999322 
9.999315 
9.999308 
9.999301 
9.999294. 
9.999236 


9.999279 | 


9.999272 


7519.999257 


9.999250 
9.999242 
9.999235 
9.999227 


9.999220 


9.999212 
9.999204 
9.999197 
9.999189 


I Sine 


— 


— 


Tangent 


8.721806 | 
8.724254. 
8.726588 
8.728959 
8.731317 
8.733663 
8.735956 
8.738317 
8.740626 
8.242922 
8.745007 
8.747479 


8.749740 
8.751989 


8.754227 
8.756473 


8.758668 
8.760872 
8.763065 
8.765246 


8.767417 
8.769578 
8.771727 
8.773866 
8.775995 
8.778114. 
8.783222 
8.782320 


| 


8.784404 


| 


I 1.230604 


11.278194. 
11.275796 
11.273412 
11.271041 
11.268683 


11.264004 
11.261682 
11.259374 
11.277078 
11.254793 
11.252521 
11.250240 
11.248011 
2423 


| 11.243542 


11.239128 
11.236935 
11:234754 
11.232583 
11.230422 
11.228273 
11.229134 
11.224005 
11.221886 


11.219778 
11.217680 


11.215592 
11.213514 


Tangent 


11.241332 


30 


| 


22 


" 


WI WI I 


—_ 


Degree 86. 


— 


6 
10 
3 
** 
74 
8 
8 
4 [ 
; — 
5 
85 
— 
& 
4 Fe 


| Degree 3. 


; 91 | „„ Tangent 


30 8.787677 9.999189 8.736436 [1.213514 30 3 
31 8.787736 | 9.999181 | | 8.788554 | 11.211446 29 
32 \8.789787 | 9.999174 | | 8.750613 | 11.2093S7 23] 
23 8.791828 | 9.999166 | | 8.792662 | 11.20733$ | 27 
34 {8.793859 | 9.999158 | | 8.794701 | 11.205296 | 26 
35 | 3.795881 [9.959150 8.796731 [1.203266 27 


26 8.797894 9.999142 | | 8.798752 | 11.201248 24 
37 8.799897 9.999134 | 8.300763 | 11199237 | 23 
38 8.801891 [9.999126 | | 8.302765 | 11.197235 22 
39 | 8.803376 | 9.999118 8.807458 | 11.195242| 21 
10 | 9.805852 | 9.999110 | | 8.806742 | 11.193258| 20 
41 8.807819 9.999102 | 8.808717 | 11.191233| 19 
42 | 8.809777 | 9.995004 | | 3.312683 | 11.139317 | 13 
43 | 8.811726 | 9.999086 | | 8.312641 | 11.187359 71 
44 | 3.81 3667 | 9.999077 | | 8.314539 | 11185411 | 16 f 
45 | 8.815598 | 9.999069 8.316529 11.183471 174 
468.3817522 9.999061 | 8.818461 , 11.1515 351 14 } 
17 18. 9.999052 | | 8.320384. | 11.179616| 13] 
43 | 8.821342 | 9.999044. 11.177702 12 
49 8.823240 9.999036 | 5.824205 [11.175795 [ll 
5o 8.327130 9.999027 | | 3.326103 | 11.173897 | 10 
51 {8.827011 | 9.999019 38.827992 11.172008 
Y |52 | 8.823884 | 9.999010 bends: 11.170126 

|53 [8.830749 | 9.999002 | 8.331743 | 11.168252 
J | 54 | 8.832106 9.998993 | 3.333613 | 11.166387 
55 [8.834456 | 9-998934 | | 8.335471 | 11.164529 
56 | 8.826297 | 9.998976 | | 3.337321 | 11.162679 
57 8.838130 9.998967 8.839163 11.160837 
53 | 8.839956 9.998958 8.340998 11.159002 
59 | 8.841774 | 9.998940 8.842827 11.177177 
bo | 8.843535 | 9:993941 | | 3.344644 ' 11.1553F6 


1 Re a 1 Tangent 


FAY 
NJ 
0 
0 
— 
Ne the | 
+> 
IV) 
ON 

GO 

Se] 

0) 

- 0 

* 

CO 


| = lo « nwe | ow wol 


Degree 86 
Fi - 


— 


11 


_— 


- St. 


| Degr 


| Degree 4. 
Mi Sine I | Tangent | | | 
©| 8.343534 | 9.99941 | [8.844644 | 1.155356 | 6 
18.845387 9:-998931 | [8.346455 | 11.153545 | 59 || 
| 2| 3.847:83| 9.998923 8.848240 11.151740 | 58 | 
| 3] 3.343971 | 9-998914. | [8.505057 |11.149943 | 57 
4 8.850751 | 9.998905| 8.351846 11.148174 56 
| 5 8.852525 9.998896 8.353628 11.146372 J 
6 8.354291 | 9.993887 | 8.855403 11.144597 54 |} 
i 7| 3.356049 | 9.998878] [8.857171 |11.142829 | 53 || 
1 81 8.855801 | 9.998869] 8.858932 11.141068 | 52 
98.859546 | 9.998360] 8.860686 11.139314 | Fl 
10] 8.861283 | 9.99885r | - [8.862433 | 1.137567 | O 
It 8.863014 9.998841] 8.864173 11.135827 | 49 
1128.864738 9.998832 [8.365906 | 11.1 34094 | 43 
| 13| 8.866454 | 9.998823] 8.867632 11.132368 | 47 
4 14] 8.368165 9.998913 8.869371 11.130649 | 46 
1157 8.869868 9.998804 8.871064 11.128936 45 
16| 3.871565 | 9:998795 | 18.872750| 11.127230 | 44 
4 17| 8.873255 | 9-998785 | [8.374469|11.125531 | 43 || 
18 | 8.874938 | 9-998776 | 8.876162 11.123838 42 
1 191 8.876615 9.998766 | 8.877849 11.122151 4 
| 20| 8.878285 | 9.993757 8.379529 11.120471 40 
21] 8.879949 9.998747 | [8.881202 |11.118798 | 39 
22 8.881637 9.598709 8.882869 11.117131 || 33 
23| 3.883258 ! 9.998728 8.884530 11.115470 37 
24 | 8.884503 | 9.998718 8.886185 11.113815 36 
25 | 8.336542 | 9.998708 | [8.387833 |11.112167 | 35 
26 3.383174 9.998699 [8.389476 | 11,110524 | 34 
27 | 8.889801 | 9.998639 3.891112 | 11.109888 | 33 
'23 | 8.891421 | 9.998679 |8.892742 |11.107258 | 32 
29 8.393035 9.993669] 3.394306 |11,105634 | 31 
30 8.894643 9.998659 5.345954 111040186 30 
: 56 Sine 7 Tangent 'M 


— ; 


| n " g | 42 [V3 3 WI WI wwa 
ff p ̃²˙ vo th oi ef op > op > > > | > ST 23 —S Br. .we IM. = 


Degree 7 


Sine 


8.394643 
8.895246 
8.397842 
8.399432 
8.901017 
8.902556 
8.904 169 
8.905736 
9.907297 
8.903853 
8.910404 
8.911949 
8.913488 
8.915022 
8.916550 
8.918073 


5 | 8.919591 


8.921103 


8.922610 


8.924112 
8.925609 
8.927100 
8.923587 
8.930068 
8.9315 

3.933017 


56 | 8.934481 


8.935942 
8.937398 
| 3.933850 
8.940296 


9.998659 


9.998629 
9.998619 
9.993609 


9.998599 
9.998789 


9.998568 
9.998558 
9.998548 
7238725 
9.99352 
| 9.998516 


9.998495 


9.998464 
9.993453 


9.998431 
9.998421 
9.998410 
9.998399 
9.998388 


9.998366 


5 | Sine 


9.593649 | 
9.993639 


9.998 577 


— 


9.998506. 


—— 


9.993435 | 
9:993474 | 


—— — 


9.998442 


9.998377 


9.998377 
22298344 


1 


Tangent 


5.395934 
8.397556 
8.399203 
18.900803 
8.902398 
8.903987 


8.905 579 


8.907147 
8.908719 
3.910235 
8.911846 


8.913401 


8.914971 
8.916495 


8.918034 
8.919568 


8.921096 
8.922619 
8.924136 
8.525649 


8.928678 
8.930155 
8.931647 
5.933134; 


| 8.934616 


8.936093 
8.937567 
8.939032 
8.940494 
8.941972 
— — 


8.927156 


11.104016 
11.102404 
11.100797 
11.099197 
11.097602 
11.996013 


11.094430 

11.082353 
11.091281 
11.089715 
11.088154 
11.086599 
11.085049 
11.083705 
11.08 1966 
11.080432 
11.078904 
11.077381 | 
11.075864 
11.074351 
11.072844 
11.971312 
118 
11.068353 
11.096866 
11.065384 
11.063907 
11.062437 
11.060968 
11.059506 
11.058048 


Tangent 


Degree 4. 


— 


ww + + 


pr — bs — H 
5 = 8938 | 


= Oo | or © 


| 


— 


Degree 5. 

M Sine | | Tangent | 3 
98.940296 9.998344 | | 5.941952 11.078048 
| 1 | 3.941733 | 0.998333 | | 5.943404 | 11.056596 
28.943174 | £.998322 3.944852 11.055148 
| 3 | 3-944606 | 9.998311 8.946295 11.053705 

4 | 3.546034 | 9.998300 947734 | 11052266 
B | | 209505 [LLOTORRS ITT 
6 | 3.958814 | 9.998277 | | 8.950597 |11.049403 
| 7 | 8.950287 | 9.993266 | 952021 |11.047979 
88.951696 9.99825F | | 8.953441 | 11.0465F9 
98.953099 | 9.998243 | | 8.954856 11.0451 

10 |8:954499 | 9.998232 | | 3.996267 | 1.043773 | 
11 | 8.955394 | 9.998220 | | 3.957674. | 11.042326 
12 | 3.957234 | 9.998209 | | 5.959075 | 11.040925 
13 | 3.958670 | 9.998197 | | 8.960473 | 11.039527 
14 | 3.560052 9.998 186 | 3.961866 | 11.038134 
15 8.961429 | 9.998174 | | 8.963254 | 11.036746 | 4F 
16 8.962801 | 9.998163 | ! 8.564639 | 11.035361 
17 8.964170 9.998151 | 8.566019 f11.033981 
18 [8.965534 | 9.998139 | | 8.967394 |11.032606 
19 | 8.666393 | 9.998123 | | 8.968766 |11.031234 
20 8.968249 | 9.993106 | 8.970133 11.029867 
21 | 8.569600 | 9.998104. | | 8.97149F 11.028505 
22 | 8.970947 | 9.998092 | | 8.9725F5 | 11.027145 
23 | $.972289 | 9.998080 | | 8.974209 | 11.025791 
24 | $.973626 | 9.998068 | | 8.975560 | 11.024440 
27 | 0.974962 | 9.998056 | | 8.976906 | 11.023094. | 35 
26 | $.976293 | 9.998044 | | 3.973243 17.521752 
27 | 8.977619 | 9.998032 | | 8.979586 11.020414 
23 18.978941 | 9.998020 | [8.980921 11.0190 
29 8.980259 9.998008 | 8.982251 | 11.017749 
30 8.98173 9.997996 8.983577 11.016423 

tan Sine 3 Tangent 


CC Seat Doan we wan Her. 4% ei ufo fo for 


Degree 84. 


8 


\ Degree 5. 


9.003318 
9.004563 
9.005805 
9.007044 
9.003278 
9.009F10 


9.010737 
9.011962 


9.013182 


9.014.399 
9.015613 
9.016324. 
9.018031 


1 


Tangent 


o = ES [a ow eo | 


* 


9.997996 | ee |11.916423 
9.997984 8.984399 11.015101 
9. 997971 8.986217 11.013783 
9.997959 8.987532 11.012468 
9.997947 | 8.988842 11.011158 
9.997935 3.990149 [1.009851 | 
9.997922 | 8.991451 11.008 549 
9.997910 99 2770 11.007250 
9.997897] 8.994045 11.0059 
9.997835 | | 3.995337 11.004663 
9.997873| | 3.956624 | 11.003376 
9.997360 | | 8.997908 | 11.002092 
9.997847 | 8.999188 11.000812 
9.997835 | | 9.000465 | 10.9995 35 
9.997822j | 9.001738 | 10.998262 
9.997805] | 9.003007 |10.996993 
9.997797 | 9.004272 | 10.995723 
9.997784 | 1 9.005534 | 19.994466 
9.997771 | | 9.006792 | 10.993208 
9.997758 | | 9.003047 | 10.991953 
9.997730 | 9.009298 | 10.990708 
9.997732| | 9.010546] 10.9894.54 
9.997719] 9.011790 10.988210 
9.997706 | 9.01 3031 10.986969 
9.997693 | | 2.014263 10.987732 
9.997680 | | 9.015502 |10.954498 | 
9.997667 | [9.016732 | 10.983263 
9.997654 | [9.017959 | 10.982041 
9.997641 | 9.019183 10.980817 
9.997628 | [9.020403 | 10.979597 
9.997612 | 19.021620|10.973350 
Sine Tangent 


—— C___— 


10 


0 Degree 8 


| 
— 


| Sine 


| | Y Tangent 
| © 9.019235 | 9.997614 9.521620 10.978380 
19.020435 9.997601 9.022834 10.977166 
2 | 9.021632 9.997588 9.024044 10.975956 
3 | 9.022925 9.997774] | 9.025251 10.974749 
| 4 | 9.02491619-997561 | | 9.026455 19.973047 
| _F | 9:925203 9.997543 | - 9.027655 10.972345 
6 9.026336 9.997534 9.028852 10.971148 
| 7 | 9.027567 9.99% 20 9.030046 10.969954 
3 | 9.023744 9.997 50% 9.031237 10.563763 
9 | 9.029913 9.997493 | 9.032425| 10.967575 
10 | 9.031939 [9.997450 | | 9.033609] 10.966391 | 5 
{11 | 9.032257 9.997466 | 9.034791 | 10.965209 
\ | 12 | 9.033421 9.997472 | 9.035969] 10.964031 
13 | 9.934532 [9-997439| | 9.036144 | 10.962876 
| 14 | 9.035741 [9.997425 | | 9.033316] 10.961684 


— 


115 9.036396 9.997411 
| 15] 9.038048[9-997397 | 
17 9.039197 9.997383 9.041813 10.958187 
{ 13 | 9.040342 9.997369 9.042973 10.7027 a 
19 | 9.041485 9.997357 9.044130 10.977870 
120 9.042625 9.997341 9.04284 19.904716 
21.043762 9.997327 | 9.046434 10.953566 
| 22 9.044895 9.997313 9.047582 10.952418 
23 9.046026 9.997299 | 9.048727 10.951273 
| 9.847154 [9-997235 9.049869 10.950131 
| 25 | 9:049279[9-997271 | | 9.051008 | 10.943992 
26 | 9.049400[9-997256 | | 9.052144, | 10.947856 
27 | 9.05051919-997242 | | 9.043277 10.946723 
| 23 | 9.05163519-997228 9.054408 | 10. 94592 
29 | 9.05274919-997214 | | 9.055535 10.944465 
| 32 | 2:2335912:997199 | | 9:259640 [19:943349 


| Sine } | 


9939485 |12.96051F | 4 
9.040651 [19.959349 | 


> 


| Tangent 


9 


\ 


. = Degree bh. 


1 — » 
nne * 


——_— 


i | „ | 


M Sine | | | Tangent | 8 
1 3 . 3 EE 5 
59 | 9-053350 1 9-997199 | | $:056640[10.043340* 30 N 
31 | 9.054566 | 9.997185 | $0578! 10.942219 29 
32 | 9.056071 [9.997170 | 9.053900] 10.94.1100 28 | 
33 | 9.057172 | 9.997156 | | 9.060016] 10.939984, , 27 — 
34 | 9.053271 | 9.997141 9.061130 10.938870 26 j 
35 | 9.059267 | 9.997127 | | 9.062240 19.927760 | 2F | 0 
36 | 9.060460 | 9.997112 9. C6 3348 10.936652 244 5 fi 
37 | 9.061551 | 9.997c03 | | 9.064453 | 10.935 547 | | 
33 | 9.062638 | 9.997083 | | 9:c65555110.934444 | 22 i 
39 | 9.063723 | 9.99768 | | 5.066655 | 10.933345 10 | 
40 | 9.064.806 9.9970F2 9.C67752 0.932245 20 x 
a1 9.065885 | 9.997039 | 9.068847 10.931153 j 19 
42 | 9.066962 | 9-997024 | 9.869938 | 10.920c62 | 13 
43 | 9.068036 | 9.997009 | | 9.071027] 10.928973 117 
44 | 9.069107 | 9.956994 | 9.072113] 10.927887 16 | 
45 | 9.070176 | 9:996979| | 9:073197 10.926803 15 


2 


46 | 9.071242 9.996964] | 9.074278 10.925722 14 
47 9.072306 9.996949 1 9-075256| 10.924644 13 
48 | 9.073366 9.996934] 9.076432 10.923568 12 
49 9.074424 9.596919 | 9.077505 10.922490 11 
fo | 9.075480 9.996904] | 9.078576] 10.921424 |10| 
51 [9.076533 9.996889] [9.079644 [10.920356 
52 | 9.077583 9.996874] | 9.080710 |10.919290 
#3 | 9.078631 9.996858 | [9.081773 10.918227 
#4 | 9.075676 9.996843] 9.082833 10.917 167 
9.080719 9.996828 | 9.082891 10.916109 
56 | 9.081759 |9-996312 | [9.084947 | 10.9150F3 
57 | 9.082797 | 9.996797 | 9.085999 10.914100 
58 | 9.083832 9.966732 9.087050 10. 912950 
99 9.084864 9.996766 9.088098 | 10.911902 
60 | 9.085394 i 9-996751 | [9.089144 [10.910856 


M | e | | Tangent 


PPP ᷣ / Hi, ꝶBVB ado RR 
— 


2E lo = A 00 coo | 


— —W” — 


Degree 8 3. 


— 


1 


/ 


| Degree 7. 
M | Sine ö | | Tangent | 
E 9.08 7894 9.996751 9.889141 10.9108 56 
1 | 9.086922 9.996735 9.090187 10.9098 13 
29.087947 9.99670 [9.091228 | 10.908772 
3 | 9.088970 | 9.996704 | | 9.092266 | 10.907734 
49.089990 | 9.996638 | [9.092302 | 10.906698 
F [$-291038 | 9:956673 | [9.994336 | 19.905664 
6 | 9.092024 | 9.996657 | | 9.095367 | 10.904633 
| 7 |9-093037 9.996641 | [5.096395 10. 903604 
| $ | 9.094047 | 9.996625 | 9.097422 10. 902578 
9 | 9.095056 | 9.956610 | 9.098446 10.901554 
10 | 9.056062 | 9.956594 | [9.099463 | 10.900532 
11 | 9.097c6F 9.996778. 100487 10.399513 
| 12 | 9.098c66 | 9.996562 | [9.101504 | 10.898496 
13 9.099065 [9.996546 | [9.102519 | 10.897481 
14 | 9.100c62 9.996530 [9.103532 | 10.896468 
15 [9.101056 | 9.996514 | [9.104542 10.895458 
16 | 9.102048 | 9.996498 | g. 10555 | 10.894450 
17 | 9.103037 9.995482 9.106776 10.893444 
18 9.104025 | 9.996465 } | 9.107559 | 10.892441 
19 9.105010 9.996449 | | 9.103560 | 10.891440 
| 20 [9.105992 9.996433 | | 9.109559 10.890441 
| 21 | 9.106973 | 9.996417 | 5.110556 10.889444 
22 | 9.107951 | 9.996400 | | 0.111551 10.888449 
23 { 9.108927 | 9.966384 | [5.112543 | 10.887457 
24 | 9.109901 | 9.996363 | | 9.113533 | 10.886467 
27 9.110873 9.956251 | [9.114521 10.887478 35 
| 26 [9.111842 | 9.996335 | 9.115507 10.884493 
79.112809 [9.956313 | [9.116491 | 10.883509| 33 
28 [9.113774 9.996302 [9.117472 | 10.882528 32 
29 [9.114737 | 9.956235 | [9.118452 | 10.831543 | 31 
|. [21245998 [9:956269 | 19119429 | 10.8077 [26 
© 5 | Sine | | : Tangent M 
Degree 82. 


— f> — — 


| wn — — — — | 


5 A O — — 


— 


Degree 7. 


— — 


9.120469 


16 | 9.121417 


9.122362 
9.123306 
9.124248 


9.125187 [9. 


9.126125 


9.127060 


9. 127993 
9.128925 
9.1 298 54. 


16 | 9-130781 | 


9.131706 
9.132630 
9-133571 
9.43442 


9.135337 


9.136303 


9.137216 
9.138127 
9.139037 
1 
HE 
9.141754 
9.142655 
9.142555 


[9-996269 


9.996252 
9.996235 
9.996218 
9.996202 


2 


9.995946 
9.995925 


9997911 


9.995894 
9.995876 
9.9958 59 
9.995341 


9.995827 


9.995806 


9.995788 | 


9.995770 
9.995753 


Sine 


9 


Tangent 


9.119429 
9.120404. 
9.121377 
9.122343 
9.123317 
9.124254 
9.125248 
9.126211 
9.127172 
9.128130 
9.1 29087 
9.130041 
9.130994. 
9.131944 


99.132893 


9.133839 
9.134784 
9.135720 
9.136666 
9.137605 
9132542 
9.139476 
9.140409 
9.141340 
9.14.2269 
9.143196 
| 9.144121 


| 9.145044 
9.145965 


9.146335 


9.147503 


10.380571 
10.579796 


10.878623 


10.877672 
10.876633 
— 2 


10.874751 


10.373789 
10.872828 
10.871870 


10.370913 


10.869959 


10. 869006 


10.868056 
10.867107 
10.869161 


10.36 216 


10.864274 


10.863334 
10.862395 
10.861458 
10.860524 
10.859591 
10.858 

10.857731 


10.856804 


10.357879 
10.854956 


10.854035 


10.853115 
10.872197 


Tangent 


— 


10 


lo » wa [wow oe! 


Degree $2. 


| 


Degree 8. 


„5 Tangent 


N*1 

_ © | 9.143555 | 9:995753 | 2447803 19.852197 
1 [9.144463 | 9-995735 | 9.148718 10.851282 
| 2 |9-145349| 9-995717 | | 9.145632 10.850368 
3 | 9.146243 | 9.995699 | | 9.159544 ; 10.349456 
4 |9.147136] 9.995631 | | 9.151454 | 10.848546 
-F 9.143026 | 9.995664 | | 9.152363 | 10.347637 


9.148919 9.995646 | | 9.153269 10.846731 
| 0.149831 | 9.995628 | 9.154174 10.845825 
9.7 50686 9.995610 9.155077 10.844923 
9.151569 | 9.99F591 | [9.155973 | 10.844022 | 
To | 9.152451 | 9.995573 | | 9.156377 1.843123 
| 11 [9.153330 | 9.99555 | | 9157775 10.842225 
12 9.154208 | 9.995537 | | 9.158671 |10.841329 
I 13 {9.155082 | 9.995519 | |9.15956F 10.840435 

14 | 9.155957 | 9:995FoL 9.160457 10.839743 
15 | 9.156830 | 9.995432 9.161347 10.838653 | 45 
| 16 | 9.157700 | 9995464 | 1 9.162236 10.837764 
17 |9.158569 | 9.995446 (9163123; 10.836877 
18 [9.159436 1 9.995427 | 9.164008 10.835992 
19 9.160301 [9.995409 | 9.164892 10.835108 
| 20 | 9.161164 | 9.995390 | |9.165773 10.334226 


21 | 9.162025 | 9.995372 | | 9.166654 | 10.833346 
22 |9.162835 [9.995353 | [9.167532 | 10.332468 | 38 
23 | 9.163743 | 9-995 334 | 9.168409 10.331791 
| 24 | 9.164600 | 9.995316 | 9.169284 10.830716 
27 [9.165454 | 9-995297 | | 9.160157 19.829843 
26 | 9.166307 | 9.995278 | 9.171029 10.828971 
27 9.167158 {9.995260 | \9.171899 | 10.828101 
28 | 9.168008 | 9.995241 | |9.172767 | 10.827233 
29 9.168856 | 9.995222 | 9.173634 10.826360 
30'| 9.169702 | 9.995203 | 9.174499 10.825501 


O © OA 


1 


— — 


haut . 
\O 


— — — 


HEE . | Tangent |[.\ 


18 — — - | 
Degree 8. | | 
1 | 
= — Rennie 1. ² ln— ͤ ˙ Yn, Y | 
[4 | 22 | 9:1$9792|9:995203 | | 9.174499 10.827701 | 30 \ 
[4 | 3: | 9:179546| 9.995184 | | 9.175362| 10.824638 25 
32 9171359] 9:995165 | | 9.176224 | 10.823776 | 28 
1339.172230 9.995146 | 9-177084 10.322916 27 | | 
5349.173070 9.995127 | 9.177942 10.822075 26 |: 
; (Þ | 35 | 227395 [2:995103 | | 9.178799] 10.821201 | 2 
359.1747449 99089 | 9.179655] 10.820345 | 24 
; If | 37 | 9275575] 9-995070 | | 9.180508] 10.819492 | 23 
2389.176411 9.995061 9.181360 10.8 18640 22 
1399.177242 9.995032 | | 9.182211 10.817789] 21 
 [' | 42 | 9175072 [9.995012 | [ 9.183060} 10.816940 20 
5 [| 4* | 9-178500[ 9.994993 | | 9.183907 10.816093 19 
Fi | 42 | 9179726 | 9.994974 | | 9.184752|10.815248| 18 
7 [| | 43 | 9180551 | 9.994955 | | 9.185597 | 10814403 | 17 
5 (Y | 4+ | 9131374 | 9:994935 | | 9.186439] 10.813561 16 
1 45 9.182196 9.994916 9.187280 10.812720 17 
1 9.183016 9.994896 9.188120 10.811880 14 
; | 9.133334 | 9.994376] | 9.188957 10.811042] 13 
1 9.184651 9.994857 | 9.189794 1.810300], 13 
1 9.185466 9.994838 9.190629 10.809371 11 
4 9.186280 9.994318 | | 9.191462 10. 308738 10 
9 9.187099 994798 9.192294 10. 80776 9 
8 9.187903 9.994779 9.193124 10.806876 8 | 
1 9.188712 9.99470 | 9.193953] 10. 806047 7 
1 9.189519 9.994739] 9.194780 10.805220 6 
1 9293279824719 91986 19.854394 5 | 
46 9.191 1309.994699 9.196440 10. 803 569 44 
1 9.191933 9.994630] [9.197273 1052 3 
2 9.192734 | 9.994660 | 9.198674 10. 801926 2 
16 9.193534 | 9.994640 9.198894 10.801 106 1 
4 19232 | eee 
1 || at | ee : | Iangent M | 
A Degree 8. I 
| 8 — | 


Gg 


—_—_— 


1 


Degree « 9. 


| 


8 . „ „ 


Sme 


9.194332 
9.195 7 
9.195925 
9.196718 
9.19751T1 
9.198302 
9. 199091 
9.199879 
9. 200666 


9.201451 
9202234 


9.203017 


9.204577 
9.20534 
9.206131 31 
9.206906 
9.207679 
9.208452 


9.210760 


9.211526 
9.212291 


9.213057 
9.212818 


9.214579 
9.215338 
9.216097 
9.216854 
9.217609 


203797 


9.209222 
9. 209992 


| 


9.994620 
9.994600 | 


9.994.530 
9.994.560 
9.594.540 


9:994519 


9.994499 | 
9.994479 


9.994450 
9.994438 


9.994418 


9.994398 
9.994377 
9.994.357 | 
9-994336 


9.994.316 


9.994295 | 


9.994274 | 


9.994254 


9.994233 | 


9-994212 
9.994191 
9.994.171 
9.994150 
9.994129 
9.994108 
9.994087 
9.994066 


9.994044 
9.994024 
9.994003 


1 


Sine 


15 


Tangent 


9.199712 
9.200529 


9.201345 


9.202159 
9.202971 


9.203782 


9.204592 
9.205400 
9.200207 


9.207013 


9.207517 | 


9.208619 
9.2094.20 
9.210220 
9.211018 
9.211817 
9.212611 
9.213407 
9.214198 


9.214989 


9.215730 
9.216568 
9.217356 
9.218142 
9.213926 


9.219710 


9.220491 
9.221272 


9.222052 
9.222830 


9.223607 


| 


2 


* 


10. 800287 


10.799470 | 5 


10.798655 
10.797841 
10.797029 
10.796218 


10.797408 
10.794600 


10.793793 


10.792897 


10.792133 


10.791381 
10.790580 


10.789780 


10.788982 
10.788185 


— — I. —— . — 


10.787385 
10.786795 
10.785802 


10.785011 
10.784220 


10.783432 


— 


| 


10.782644 


10.78 1858 
10.78 1070 
10.780294 
10.779508 
10.778728 
10.777948 
10.777170 


10.276393 
Tangent 


Degree 80. 5 


- 


1 * 1 * Mw. 


. TIEEY” 7 WE RY EEE oY "=Y "8 


1 = nm www Wo wo 


— — 


Degree 9. 


A8 | [Tangent | 
30 9.217609 | 9.994003 | 9.223607 10.716393 30 
31 9.218363 9.993982 | | 9.224332 | 10.775618 | 29 
32 9.219116 [9.993960 | | 9.225156 | 10.774344 | 28 
33 | 9219368 19:993939 | | 9.225929 | 10.774071 | 27 | 
24 | 9-22c618 [9.993913 | | 9.226704 | 10.773300 |.26 
35 | 9221367 [9.993897 | | 9-227471 | 10.772529 | 25 | 
36 9.222115 [9.993375 | | 9.228240 | 10.771760 | 24 
37 | 9-222361 [9.993854 | | 9.229007 | 10.770993 | 23 
33 | 9.223606 9.993832 | 9.229774 | 10.770226 22 | 
39 | 9-224.349 [9.993811 | | 9.230539 | 10.769461 | 21 
40 | 9:225092 9.993789 | 9.231 302 10.263608 20 
41 9.227833 [9.993768 | 9.232067 10.767935 | 19 
42 | 9.226573 9.993746 9.232826 10.767174 | 18 
43 [9.227311 9.993725 | 9.233586 | 10.766414 | 17 
9.228048 [9.993703 | 9.234345 10.765655 | 16 
45 |9-223784 19.993631| | 9-23F103 | 19.264397 IF | 
16 [9.239518 [9.993660| | 9-235359 | 10.764147 14 
9.230252 |9.993633| 9.236614 10.763386 | 13 | 
9.230984. | 9.993616 | 9.237363 10.762632 | 12 
9.231715 [9.993594 | | 9.238120 | 10.761880 11 | 
|9:232444 [9.993572 | | 9233872 19261128 | 10 
9.233172 [9.993550| | 9.239622 | 10.760378 | 9| 
9.233399 [9.993523 | 9.240371 10.759629 8 
9.234625 9.993506] | 9.241118 | 10.758892 | 7 
9.235349 | 9.993434 | 9.241865 10.758135 | 6 
9.236073 [9.993462 | | 9242610 | 10757390 | F 
9.23679F | 9.993440 | 9.243354 10.756646 4 
9.237515 [9.993413 | 9.244097 | 10.755903 | 3 
9.233335 | 9.993396 | 9-244839 10.7711 2 
9.238972 9.993374] | 9-245579 | 19754421 | I 
9.239670 [9.993351 | | 9246319 | 10753631 | of 
E aw -1.1 © | Tangent N 
Degree 80. 


11 
320 


os 


Degree 10. 


MN ey baud — hay 3 25 
8 oe | AEG ww» =O 


© co KA o 


Sine 


9-235670 
9.240386 
9.241101 
9.241814 
9.242526 
9.243237 


9.243947 
9.244656 
9.245363 
9.246070 
9.246775 
9.247478 
9.248181 
9.248883 
9.249583 
9.250282 


9.250980 
9.251677 
9.252373 

9.253067 
923701 


98254453 
9.255144 
9.255334. 
9.256523 
9.257211 


— — — 


9.993351 


9.993307 
9.993284. 
9.993262 
9.993240 


9.993217 


9.993172 
9.993149 


9.993104 
9.993011 


9.993036 
9.993013 


9.992967 
9.992944. 
9.992921 
9.992898 
9.992375 
9.992852 
9.992329 


9.992733 
9.992759 
9.992736 
9.992713 
9.992690 


9.992666 


Sine 


——ä—j——— I 


9.993195 


9.992990 


9.992806 


| | 


9.993329 


9993127 


— — 


9.993009 


Tangent | 
Ae 


9.247057 
9.247794 


| 9.245530 
9.249264 


9.249998 
9.270730 
9.251461 
9.252191 


9.252920 


9.253643 
9.254374 


9.255524 
9.257269 


9.257990 
9.258710 
9.259429 


9.260146 
9.260863 


9.261578 
9.262292 


9.263005 


9.263712 

9.264428 
9.265138 
9.265347 


.266555 
33 I 


9.267967 


— — — — 


10.773681 


9.275200 


9.256547 


10.752943 
10752206 
10.751470 
17.750736 
10.750002 


10.749270 
10.748739 


10.747809 
10.747080 


10.246372 
10.745626 
10.744900 
10.744176 
10.743473 


12242737 


10.742010 
10.741290 
10.740571 
10.739854 


10.7391 37 


10.738422 
10.737708 
10.736995 
10.736283 
10.734862 
10.734153 
10.733445 
10.732739 
10.232033 


Tangent 


Degree 79. 


75 

9 

. 4 
| 


; :.., Degree 70; 
M Sine | | | Tangent 5 [7 
30 9.260633 9.992666 9.267967 10.232033 30 
31 | 9.261314 9.992643 | 9-268671 | 10.731329 29 
32 | 9.261994 9.992619 9.269375 10.730625 | 28 
33 | 9.262673 9.992596 | 9-270775|[109.729923 | 27 
34 9.263351 9:992572| | 9-271479] 10.729221 |26 | 
7 9.264027 9.992549] | 9271470 10.722127 
9.264703 9.992727 9.272178 10.727822 24 
9.265378 9.992501] 9.272876 10.7 2712423 
9.26605 19.992478 9.273573 10.726427 22 
9.266723 9.992454 | 9.274269 10.725731 21 
9.267395 9.992430 [9224864 10.227036 20 
9.268065 9.992406 9.275658 10.724342 19 * 
9.263734 9.902382 | 9.276351 10.723640 18. | 
5.269402 9.992362 | 9-277043 | 10-722957 17 
4 | 9.270069 9.992335 | 9-277734 10.722267 |16 | 
2277 | 9992311 | 10:278424[19:721576 [If | 
9271400 9.992287 I | 9.279113 10.720887 | 14. | 
9.272063 9.992263 | | 9.279801 | 10.720199 | 13. 
9.272726'| 9.992239 | | 9.230438 | 10.719fI2 | 12 
9.273338 | 9.992214 | |9-281174|10.713926 [11 | 
722449 9:9921950 | | 9-231558| 19719142 [10 | 
| 9.274708 | 9.992166 | + | 9.282542 10-717458 | 9 
| 9.275367 | 9.992142 | | 9.283225] 10.716775 | B 
9.276025 | 9.992118 | | 9.253907 10.716093 7 | 
9.276631 | 9.992093 | | 9-234588| 10.715412 | 6 
| TY [5s [9:277337 | 9992069 | [9.285268 | 10714732 | 5 | 
| 9.277991 | 9.992045 | -| 9.235946] 19.714053 | 4 | 
| | 9.278685 | 9.992020 | | 9.286624 10.713376 3 
| 9.279297 | 9-991956| | 9-287301[10.712699 | 2 | 
9.279948 | 9.991971 | | 9.287977, 10712023 | 1 | 
9.280599 | 9.991947 | | 9238652112132 | © | 
: om 6 | 7 e | 
; Sine Tangent 1 M 
=_ Degree 79. | 8 


e 


—— 


* 5 Degree IT. 
| M | Sine B | | Tangent HEE | Bi * 
> 8488799 8889 | | 9.283652 7113 
1 9.281229 9.991922 [9.239326 | 19-719674 | 5% 
| 2 | 9.231897 9.991897 9.239999 | 10.710001 58 
3 9.282744 9.991873 | 9.290671 1.70329 77 
| 4 9.283190 9.991848] 9.291342 10. 708678 56 
| F 9.233336 ( 9.991823] [9.292013 10.707987 |55 | 
6 |5:2844% | 9.991799] | | 9.292682 | 10:707318 54 
| 7 [9.285124 |9.991774| | 9.293350 | 19-706650 53 
89285766 9.991749] 5.294017 10-705933 | 531 
99.286408 9.991724] | 9.294684 10.703101 
10 [9.287043 991699 [9.295349 | 247 0 
| rr 9.237688 9.991674 9.296013 10.703987 49 
12 | 9.288326 | 9.991649 8 5 10.703323148 | | 
| 13 | 9.283564 | 5.991624 | [9.297339 10.702664 45 | 
| 14 |9.2856co 9.991599 [9.298001 | 19-791999 1 46-| © 
117 9.260236 8.99124 9.298662 1929133847 1 
115 5 991549 9.296 299322 10.700675 44 2 
| 17 [9-291504| 9-991 524 | | 9.299980 | 19-7090201 43 | 
| 13 9.292137 9.991498} | 9.300638 | 1 6385 242 
19 9.292768 9.55147 | 9.301295 10.8987 f 
20 9.293399 | 9:991443| | 9.301951 Sy 95 | | 
27 9.294029 9.991422| | 9.30260 19.897393 49 | © 
22 | 9.294658 | 9.991397 | | 9.303261. | 19-696739] 28 | | 
| 23 | 9-295286 | 9.991372| | 9.303914 1.68656 
24 |9:295913 8.991346 | 9.304567 | 5 595433 [36 | 
27 9286739 9.991321 9.27218 8242 7 
| 26 9497164 9591297 9367567 15.69 9209. ml 
27 | 9.297788 4.591270 9.305719 18. 622477 333 
28 9.298412 9.991244] 9.307168 155 5 32 
29 9.299034 9.991218 [9.307316 | © POE 310 
30 | 8298 29.994193 2.88455 0.691537 |30 
333 | Sine 0 5 | a 1 M 

i | Degree 78. _ 


— 


—— 


Degree 11. 


—_—— 


> | 9.29c65F 


9304593 


9.308259 


| 9.314397 
| 9.315495 


9.317284 


Sine 


9. 300276 
9.300895 
9.301514 
9.302132 
23022749 


9991193 
9.991167 
9.991141 
9.991 115 


9.991064 


9.303364 
9.303979 


9.305207 
9.305819 


9.991038 
9.991012 
9.990986 
9.990960 
9.990934. 


9.306430 
9.307041 
9.307650 


9.308867 


9.990908 
9.990882 
9.990857 
9.990803 


9.399474 
9.310080 
9.310635 
9.311289 
9.311899 


9.990777 
9.990750 
9.990724 
9.990697 | 


9.312495 
9.313097 
9.313698 
9.314297 


9.316092 
9.316689 


22 


9, 990645 
9350678 
9.9905 
9.990565 
9.990538 


9.990512 
9.990487 
9.990458 
9.990431 
2 


; | | 


— 


| Sine 


9.991090 


9.990829 


9.990671 


— 


S 


Tangent 


9.309109 


9.312327 


9.312968 
9.313603 


9.314247 


9.314335 
9.315523 
9.316159 
9.316795 


9.317430 
2 
9.318647 
19.319330 


9.319961 


9.320592 


9.321222 
9.321851 


19322472 
| 223706 


9.323733 
9.324.358 
9.324983 
9.325607 
9.326231 


9.326853 


9.327477 


10.683953 


19.687673 


10.686392 
10.685753 
10.6811 
10.684477 
10.68 3841 
10.68 3205 
19.682570 


10.681 303 
10.680670 


— IFECY 


10.628778 
10.678149 
10.677521 
10.676894 
10.676267 


10.674393 
10.673769 
10.673147 
10.672525 


| Tangent 


10.601 $37 
10.690891 
10.690246 
10.689601 


10.638315 


10.637032 


10.631936 


10.680039 | 
10.679408 1 


10.675642 
10.677017 


10 


2 a — twp ba NM GS 


Degree 78. | : 


" "Y 


— 


— 


Degree 12. 

M | Sine | U Tangent E | 1 
5 9417879 9-950404| | 9.327475 [10.672525 | bo. 
r | 9.313473| 9.990377] 9.328095 10.671905 59 
2 9.315c66| 9.990351] | 9.328715 10.671281 58 
39.319658 9.990324 | | 9.329334 | 10.670666 | 57 
| 4 | 9-320250|9.990297| | 9.329953 [10.670047 | 56 
5 | 9-320840 | 9.990270] | 9.330570 18.559430 FF 
{ 6 | 9.321430 | 9.990242| | 9.331187 10.668813 54 
7 | 9-322019] 9.990215] | 9.331303 |10.668197 | 53 

3 | 9.322607 | 9.990188 | 9.332418 |10.667582 | 52 
9 | 9.323194| 9.990161 | | 9.333033 10.6967 71 
10 | 9-323780] 9.990134} | 9.333646 [10.666354 | 50 
11 | 9.324366] 9.990107] | 9.334259 |10.665741 | 49 
12 9.32490 9.550079 1 9.334871 10.665129 48 
13 | 9-325534| 9990052] | 9.335432 |10.664518'| 47 

| 14 | 9-326117] 9.990025] 9.336093 10.663907 | 46 
15 | 9.326699] 9.989997} | 9.336700 |10.663298 | af 
16 | 9.327281 9.989970] | 9.337311 |10.662689 | 44 | 

| 17 | 9327862 | 9.999942 | 9.337919 10.662081 43 
13 9.328441 9.989915] | 9.338527{10.661473 | 42 
19 | 9.329020] 9.989887] | 9.339133 | 10.660867 | 41 
20 | 9.329599] 989850 | 9.339739 19.855261 | 40 
21 | 9.330176] 9.989832 | 9.340344 10.65 9656 | 39 
22 | 9:330753| 9-939804 | | 9,340948| 10.6590F2 | 38 | 
239.3313280 9.989777] | 9.341552|10.653448 | 37 
| 24 | 9-331903] 9.989749] 9.342155 10.677845 36 
2F | 9332473] 9989721 | | 9.342757| 19-657243 | 35 
26 | 9.333051| 9.985693] | 9.343358| 10.656642 34 
27 | 9.333624.| 9.989665 | 9.343978 10.676042 33 
28 | 9.234195] 9.935637] 9447/78 10.655442 32 
29 | 9.334766| 9.989609 | 9.345157 0.654843 31 
13 20339322 9:989531 | | 9.345755 | 10-654245 | 30 
Sine | | | Tangent 1 M 
Degree 77. 


»„—— 


Degree 12. 


| Sine | 


— 1 ——— —Uñ—œƷ——e 


9.337906 9.989753 
9.336475 9.989525 
9.337043 9.989597 
9.337610 9.989469 


9.339306 9.989384 
9.339870 | 9.939356 
9.349434. 9.989328 
9.349996 9.989299 
9.341558 9.989271 | 
9.342119 9.989243 
9.342679 9.989214 
9.343239 9.989186 
9-343797 | 9:959157 


' 9.344355 | 9.989128 


—_——_—___—_©__ 


9.345469 | 9.989071 
9.346024 | 9.939042 
9.345579 289014 


9.343240 | 9.983927 
9.343792 | 9.933398 
9.349343 9.983869 
9.349893 9-985340 
9.350443 | 9.988811 
9.350992 | 9.989782 
9.351549 | 9-933754. | 
9.352083 9.993724 


9.335337 |9-939531 | 


| 9-333176 | 9.939441 | 
| 9.333742 9.989413 


9.344912 | 9-939100 | 


| 9.347134 | 9.988985 
9.347687 9.988956 | 


= 375 5 Sine F-- 


1 Tangent 
9.345755 


9.340353 
9.347545 


9.343141 
9-345735 
9.349329 
9.349922 
9.350514 
9.351106 
9.351697 


9.352237 
9.352376 


9-3549F3 


—— 


9.333227 


| 9.356398 


9.356982 


9.353731 
9.359313 
| 9.359893 


— 


9.353465 
9.354640 


9357566 


9360474 
9.361053 
9.261632 
9.362210 
9.362787 


10.654245 
10.653647 
9.346949 10.653051 
10.652455 
10.651859 
10.651265 


10.650671 
10.6 50078 
10.649486 
10.648894 
10.648303 
10.647713 
| 10.647124. 

10.646535 


10.645947 
10.645260 


10.644773 | 
10.644187 
10.64.3602 
10.64.3018 
10.642434 
9.358149 10.641851 
10.641269 
10.640687 
10.640107 
10.639526 
10.638947 
106⸗38368 
10.637790 


10.637213 
10.636636 


Tangent 


— 


10 


| = lo wala ow wol 


85 Degree 77. of 


wenn. ad outs ata. 4 


> = 


— . 7˙ ůu 7 ůͥl d —— — 


Degree 13. 


W 


RO 


G coxr 


10 


7 


of £1. 


| Sine 


9.352033 
9.352635 
9.353131 
9.353726 
9.354271 
9.354135 
9.355355 
9.357901 
9.356443 
9.356984 
9.357524. 


[9.353064 


9.358603 


[9.359141 
9.355679 
9300217 
9.360752 
9.361287 |] 9. 
9.361822 
9.362356 
| 9.362339 
[9.363422 


9.364435 


9.367016 
| 9.365546 Þ 
9.366075 


9.366604 


| 29 


9.267132 
9.367659 
9.368185 


SY 


* 


; 


9983724 | 


9.933695 


9.988636 
9.988607 
9.985578 


9.983543 
9.985519 | 


9.987953 
9.987922 
9.987892 
9.987862 
9.987322 


Sine | 


9.988666 


— — 
— 


Tangent 


9.363364 
9.363940 
9.364515 
9.365000 


9.366227 
9.366810 
9.367382 


9.367953 
| 9.363524 
2309094 


9.369663 


9.370232 


9.370709 


_ 


9.380354 
By . Tangent 1 


9.371367 


| 9-371933 


9.372499 
9.373064 


9.373629 


9.374193 
9.374756 


9.375981 
9.376442 


9.377003 


9.377563 
9.373122 


| 9.378681 | 


9.379239 
9.379797 


10.636060 
10.635485 


10.634910 
9.365664 | 10.634336 6 
10.633763 U 


10.633190 
10.632618 


10. 632047 
10.631476 


10.630906 


10.630337 
10.629768 


10.629201 
10.628633 
10.628067 


10.627501 


10.626936 


10.626371 


10.627807 41 
ee 


9.375319 10.624681 


10.624119 
10.623558 


10.622997 
10.622437 


1 5 878 
10.621319 
10.620761 
10.620203 
10.619646 


2 


7 


1 


Degree 76. 


8 


| Degree 13. 
FI Tangent 

30 8368187 9.937332 | | 9.330354 18561987 | 50 
31 | 9.363711 | 9.997801 | | 9.380910 10.619090 | 29 
32 9.369236 9.937771 9.381466 10.618534 3 
33 | 9.369761 | 9.987740 | 9.382021 10.617980 27 
34 | 9.370235 | 9.987719 | | 9.332575 10.617427 26 | 
37 9.320808 9.987679 9.383129 10.616371 | 25 
26 9.371330 9.987649 | 9.333632 | 10.616318 | 24 
27 |9-371852 | 9.987613 | [9.384234 | 10.615766 | 23 
| 33 9.372373 9.987788 9.334786 | 10.615214 | 22 
29 | 9.372394 | 9:987557 9.385337 | 10.614663 | 21 
40 | 9373444 i 9.937526 | [9.385383 | 10.614112| 20 
41 9.373933 9-937496 |. 9.386438 10.613562 | 19 
42 | 9.374452 1 9:937465 | [9.386987 | 10.613013 | 18 
43 9.374970 9.987434 9.587735 10.612464 19 |. 
4.4 | 9-375487 | 9.987403 9.388084 10.611916 | 16 | 
4F | 9-376003 | 9937372 9.338631 | 10.611369| 15 
46 | 9.376519 | 9-937341 | | 3.389173 | 10.610322 14 
47 | 9377035 9.987310 9.389724 10.610276 | 13 
[43 | 9.377549 | 9.987279 9.390270 10.609730| 12 
49 | 9.378063 | 9.987243 9.390815 10.609185 | x11 | 
| fo | 9.378577 | 9:987217 | | 9391360 | 10.608640| 10 
| FI 9.379089 e 9.391907 10. 608097 9 
52 9.375601 5887155 9.392467 10.607553 8 
53 9.385113 9.987124 9.392989 r0.607011 7 
54 5.380624 9-987092 | 9.393531 10.606469] 6 
55 | 9.3811 34. | 9:98700t | | 9:394074 | 10.605927 | of 
56 | 9.381643 | 9987030 | | 9394614 | 10.605386 |, 4 
57 9.382172 9:986998 | 9.397174 10.604846 3 
53 | 9.382661 9.986957 9.397694 10.604306| 2 
| 59 9.363163 9.986936 | 9.396233 | 10.603767| 1 
bo | 9.383675 | 9986904 | | 399779 | 10603229} o 

1 35 1 F. Sine FN 21116 Tangent M 
— — "gn". Xa 2 1 


Degree 14. 

M | Sine Tangent = 
| © | 9:333675 [9.986904 | |9:396771 | 10.603229 | 60 
| 1 | 9-38418"[9.986373 | [9.397309 | 10.602694 | 59 
| 2 | 9-234687]9.986841 | 9.397846 10.602154 | 58 
3 | 9-355192 9.986809 | 9.398383 10.601617 | 57 | 

4 | 9-535697 |9.986778 | 9.393919 10.601081 | 56 
5 | 9:386201 [9.986746 | | 9.399455 | 10.600545 | 55 
69.386704 [9.986714 | 9.39999 10.600010 54 

7 | 9-38720719.986683 | | 9.400524 | 10.599476 53 
| $ | 9-337709[9.986651 |. | 9.401058 10.508942 52 

9 | 9.338210 9.936619 | 9.401591 10. 598409 71 

10 | 935711 [9.986587 | 9.402124 10.597876 | 59 
11 9-38921119.986555 | [9.402656] 10.597344 | 49 
| 12 | 9:35571119.986523 | | 9.403187] 10. 5968 1348 
| 13 | 9359210[9.986491 | 9.403718 10.556282 | 47 
14 9.390708 9.986459 9.404249 10.595751 46 

15 | 9-39120619.986427 |. 9.404778 10.5995222 | 45 

16 | $-39170319.98639x |. | 9.405306] 10.594692 | 44 | 

17 | 9-39219919.986363 | 9.405836 10.594164 43 
13 | 9-392695 [9.986331 | 9.406364 10.593636 | 42 

19 | 9-39319019.986299 |. | 9.406392 | 10.593608 | 41 

20 | 9:39363F [9.986266 | [9.407419 | 10.592581 | 40 

21 | 9-39417919.986234 | | 9.407945 | 10.592055 39 

22 | 9-39467319.986201 | 9.408471 10.591729 33 

23 9.397166 9.986169 9.408996 10.591001 | 37 

24 | 9-395654[9.986137 | | 9.409821 | 10.550479 | 36 | 
25 | 9:356150[9.986104 | 9410047 | 10.589954 | 35 | 

26 | 9:356641 [9.986072 9.410569 10.589431 | 34 

27 | 93971311 9.936039 |' 9411097 | 10.588908 33 
[28 | 9-397621][9.986007 9.411615 10.588387 32 

29 | 9:39311119.985974 | |9.412137| 10.587863 | 31 
2 $398600[9.985942.| | 9.412658} 10.587342 | 30 
' 1 5 ; FF 
snes Sine : I Tangent I M 
Degree 75. : 


ab ow-- * 


e — 
3 N er 
: J 32 „5530 
2 — D 


Degree 14. 
Sine 5 Tangent 
9.393600 | 9.985942 | 9.412658 10.587342 30 
9.399087 9.935909| [| 9.413179 | 10.586321 | 29 
9.399575 | 9-935876| | 9.413699 10.586301 23 
9.400062 9.935343 | | 9.414219 | 10.585781 | 27 | 
9.400549 | 9-985811 | [9.414738 | 10.585262 | 26 
9.401037 998728 [9415257 | 10.584742 | 25 
9.401520 | 9:935745| |9-415775 10.584225 24 
9.40 2005 9.985712 | 9.416293 | 10.583707 | 23 
3 | 9.402489 | 9.985679 9.416810 10.583190| 22 | 
9.402972 | 9.935646 | | 9.417326 | 10.582674 | 21 | 
9.403455 | 9935613 | [9.417842 | 10.582157| 20 | 
9.403933 9.985780 [9.413357 | 10.581642| 19 | 
9.404420 9.985547 | [9.418873 | 10.581127| 18 | 
9.404901 | 9.985513 9.419387 10.580613 17 | 
9.405382 | 9.98 5480 9.419901 | 10.580099 16 
9.405862 | 9.980447 9.420417 10.579585| 15 
9.406341 | 9-935414 | | 9.420927 | 10.579072 14. 
| 9.406820 | 9.985380 9.421440 10.578560| 13 | 
9.497299 | 9.985347 9.42191 10.578048 12 | 
9.407776 9.985314 | | 9.422463 | 10.577537| 11 | 
9.408254 | 9935280 | | 9422973 | 10.577026|10 
9.403731 | 9-935247 | 9.423484 10.576516| 9 | 
9.409207 | 9.985213 | 9.423993 | 10.576007| 8 
9.405632 | 9.937180 | 9.424503 | 10.575497] 7 
9.410157 9.985146 | 9.425011 10.574989 6 
9.410632 9-985112 | |9:425F13 18.574480 F | 
1 9.411106 | 9-985079 9.426027 | 10.573973| 4 
9.411579 | 9-98504F5 | | 9.426534 | 10.573456 3 
$ | 9.412052 | 9-985011 | | 9.427041 10.572959 2 
9.412524 | 9.984977 | 9-427547 | 10.572453| 1 
9.412996 | 9:984943 | | 9-425052 10.571947 0 
Sine 7 ks | Tangent | M 
Degree 75. 


_— 


— . wa. 


— 


Degree 15, 

7 Sine | Tangent a 
=| 5412556 95399 | [9.423572| e 8 
x | 9413467 9.984910 [9.428557| 10.571442 | 59 
2 | 9.413938 | 9.984376 | 9.429067 10.570933 | 58 
3| 9-414408 9.984842 9.429566 10.570434 | 57 
4 9.414878 9.984808 | 9.430070 10. 5699 30 56 
94847 9.884774] 9.43/73 10.569427 | 55. 

69.415815 9.984740 [9.431075 10.568927 54 
71 9.416283 | 9.9847c6| 9.431577 10. 568423 63 
89.416850 9.984672] 9.432079 10.5679 21 52 
99.417217 9.984637 9.432580 10.567420 51 
10] 9:417684 9.98453 9.4380 10.566920 | Fo 
1119418149 9.984569] | 9.433580 | 10.566419 | 49 
12| 9418615 9.984535 | 9.434080 | 10.565920 43 
1319.419079 | 9.934500} | 9.434579 10.565421 47 
14 | 9419544 | 9.984466] | 9.435078 10.564922 | 46 

17 9420007 | 9:984431 9.435576. 10.564424 45 
16 $-42047a 19.984397 | [9.436073 | 10.563927 | 44 
17 | 9-420933 9.984363 [9.436570 10.563430 43 
18] 9.421395 [9.9843238| [9.437067 | 10.562933 | 42 

| 19] 9.421856 | 9.984293] [9.437563 10.562437 41 

| 22] 2:422317 84243879 | 10.561941 | 40. 
21 9.422778 19.934224| [9.438554 | 10.561446 | 39 
22 | 9-423238 9.984189] 9.439748 | 10.560952 | 38 
23| 9-423697 | 9.984155 | [9.439543 | 10.560457 | 37 
24 | 9.424156 | 9.984.120 9.440036 10.559564. | 36 | 
25 | 9:42481F [9:9840B5 | 2.4429 10.559471 | 35 
26 | 9.425072 [9.984950 9.441022 10.558978 | 34 
27 | 9425530 9.984015 [9.441514 | 10.553486 | 33 
28 | 9.425987 9.983980 9.442006 | 10:557994 | 32 
29 | 9426443 |9.98394f| | 9.442497 | 10.557503 | 31 
30 | 94265599 9.33910 10.442988 | 10.557011 | 30 

| Sine | | 


5 dated Mol 


. Degree 74. 


Tangent { M 


8 


eee 


— — 
—— "— 


To ae . de owed tos we ws wee ns} =» 


Rs 2 


| 


+" 


SI I ID ddI I 


Degree 15. 


A TE 581 = | 


Sine 


9.426395 
| 9.427354 
9.42780 


9.428264 
9.423717 
9.429170 
9.425623 


9.430075 


9.430509 
9.430978 
9.431429 


9.431879 
9.432328 


9.432778 
9.433206 
9:433674. 


FWW 
9.983910 
9.983375 
9.983840 
9.98 3805 
9.983770 

9.983735 
9.983699 
9.983664 
9.98 3629 
9.983593 
9.953553 


9.983523 


9.983487 
9.983472 
9.983416 


9.434122 
9.434569 
9.435016 
9.435462 


9.435918. 


9.4.36353 


9.436798 


9.437242 
9.437686 
9.433129 
9.433572 
9.439014. 
9.439456 
9.439897 


2 


9.983350 


9.983345 
9.983309 
9.983273 
9.983238 
9.933202 


| 


| 


Tangent 


9.442988 


19443479 


9.443968 
9.444478 
9.444947 


| 2:535335 


9.445923 
9.446411 
9.446398 
9.447384 
0.447570 
9.443350 
9.448841 
9.449326 
9.449310 
9 


19.470777 


9.451260 
9.451743 
9.472225 
9453706 
9.453187 
9.453663 
9.454148 
9.454629 


— 


10.557011 


— — nn er 


10.556521 


10.556031 


10. 555A 
10.555035 
[0.554565 


10.554077 
10.553559 
10.553102 
10.552616 
10.552129 


10.551644 


10. 51150 
10. 550674 


10.550181 
10.559706 


10.549223 
10.548740 
10.548257 
10.547775 


10.147294 


10.546813 
10.546332 
10.545852 


10.547372 


105448 93 


10.544414 
10.543936 


10. 43478 


10. 542980 
10.542503 


Tangent 


10 


S lo - A AN o 


; Degree 74. 


ht. & 


„ 
| Sine. | | Tangent ; 
9.440338 |9:982342 | 9.457456 | 10.543503 || | 
19.440778 9.982805 [9.457573 | 10.542027 | 5909 
2 | 9.441218 9.982769 9.453449 10.541551 58 | 
3 | 9-441653 [9.932733] [9.458925 | 10.541o75 | 57 | © 
9.442096 | 9.982656] | 9.459400 10. 40600 56 | 
9445145 9.982660 9.459375 | 10.54012F A 
9.442973 9.982623 [9.460349 | 10.539651 64 
9.443416 9.982587] | 9.460829 | 10.530177 53 
9.443348 |9.982550| 9.461297 10.538703 | 52 
-| 9.444234. 9.982514 9.461770.| 10. 53823051 
9.444720 9.882477 | 9.462242 | 10.537758 Jo 
9.445155 19-982441 | [9.462714 | 10.537285 49 | | 
9.445550 19-932404 | | 9.463186 | 10.525314 | 48 | © 
9.446025 9.952367 9.463658 10.536342 | 47 | © 
9.446459 9.982330 [4.464129 | 10.535871 |46 | © 
9.446393 |9-932294 | [9.464599 | 10.535401 | 45 
9.447326 | 9.982257 | | 0.465069 | 10.534931 | 44 | | 
9.447759 9.982220 | 9,465539 | 10.534461| 43 | | 
9.443191 | 9.982183! 9.466008 | 10.533992 | 42 
| 9.443623 | 9.982146] | 0.466476 | 10.533523| 41 | © 
9445054 | 9:932109 | 9.466947 | 10.533055 % 
9.449485 | 9:952072| | 9.467413 | 10.532587| 39 | 
9.449915 | 9.582035] [| 9.467880 ] 10.532120| 38 
9.450345 9.981998 1 9.463347 | 19531653037 
9.450775 | 9.981961] | 9.468814 | 16.531186] 36 
9451203 | 2.981923 | 9.469280 | 10.530720] 35 | | 
9.451632 | 9.981886] | 9.469746 | 10.530254 | 34 | | 
9.45260 9.981849] [9.470211 | 10.529789 | 33 | | 
| 9.452458 | 9.981812} [9.470676 | 10.529324 32 | | 
9.472915 9.981774] [9.471141 | 10.528859 | 31 | | 
9-453342 9981237] [9.471605 | 10:528295 [30 | | 
FE | Sine = 5 Tangent | M 
Degree 73. 1 
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S 
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©N 
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F. 
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S th 


FI 


Degree 16. 
M Sine 1 1 661 Tangent | [ | 
30 | 9453342 |9:981737 | [9473605 827 3 
31 | 9.253768 | 9.931699 | | 9472063 | 10.527931 | 20 
32 | 9.254194 | 9.981662 | | 9.472532 | 10.527468 | 2g | 
33 | 9.454619|9.981624 | [9472997 | 10.52700F 27 
34 | 9.455044 [9.981587 | | 9473457 | 19526543] 26 | 
35 | 9-455469 | 9.981549 9.473919 [19.525031 | 2; 
36 | 9.455892 [9.981512 | | 9.474381 |10.525619 24 
37 9.456316 | 9.981474 | 9.474842 10.527158 23 
33 | 9.456739|9-981436 | | 9:475303 10.52469% 22 
39 | 9.457162 | 9.981398 | 9.477763 19.524237 2; | 
42 | 9.457534 | 2.981361 | [9:476223 |19-523777 | 20 
41 | 9.458006 | 9.981323 | 9.476683 10.523317 [1 
42 | 9.458427 | 9.981285 | 9.477142 | 10.522358 | 1g | 
43 | 9.458843 | 9.981247 | | 9-477601 10.522399 17 
44 9.459268 |9.981209 | | 9.478059 10.521941 16 
47 9.459684 [9.981171 | [9:478517 [12921483 | re 
46 | 9.460108 9.781133 | 9.478975 10.521025 14 
47 | 9.460527 9.98 1097 9.479432 | 10.520168| 1 2 
| 43 | 9.460946 9.981057 | 9.479886 | 10.520111} 1, | 
49 | 9.461264 | 9.931019 2.488347 10. 51965511 
2.461782 | 9.980980 | 9.480801 | 10.J19199 10 
51 9.462199 9.980942 9.481257 | 10-513743] g 
52 t. 9.980904. 9.481712 10.5 18230 8 
#3 | 9.463032 9.980866 9.482167 10.517833 7 
54 9.463448 | 9.980827 | 9.482621 10.517379 6 
2 9.463864 |9:980789 | | 9.483075 |10.51692f | $ 
56 | 9.464279 9.980750 | 9.483528 |10.516471| 4 
57 | 9464694 | 9.980712 | | 9.483982 10.516018 3 
9.465108 | 9.980672 | | 9.434434 10.515587 2 
59 9.465522 9.980635 9.484887 10.515113 1 
60 | 9.465935 280 8.57220 148 0 
f 
bu oe. Iangent | M | 
| — — N eee — * —— 
Degree 73. | 


Degree 17. 


© 2 18 * lol => 


— 


A 


9.465935 
9.466348 


9.466761 


9.463173 
9.467535 
9.467996 
9.463407 
9.463817 
9.469227 
9. 4696 37 
9.460446 
9.47047 


9.471863 
9.471071 
9.471678 


9. 472086 


9.472492 
9.472898 
89.473304. 

9.473710 
9.474115 
9.474519 


9.474923 


9.475327 
9.475730 


9.476133 


| 9. 9.476539 


9.476938 


[ 3.477340 
299477741 


9.980558 | 


9.980519 


9.980430 | 


9. 980441 
9.980403 
9.980364. 
9.980325 


9.980286 | 


9.980247 
9.980208 


9.990169 


1 980130 | 


1 
9.980052 


9.980012 


9.979973 


9.979934 


9.979894 
9.979555 


9.979816 | 


9.979776 | 
9.979737 
9.979697 
9.979658 | 
9.979613 I 8 


-9.979 78 
9.979539 | 


9.979499 


9.979479 
9.979419 


| Sine 


— — —_— 4 


To * 


** — 


Tangent 8 


9.4 9.435339 


9.435791 
9.486272 


9.4871 43 
9.48779 


9. 488043 


[9453493 | 


9.488941 
9.439390 


9: 490733 
9.491180 


19.491627 
2492873 N 


9.492519 
9.492964. | 


9.494299. 
9.494743 


9.495186 
9.495630 


9.456073 


9.496717 


9.496957 
9-497399 


9.497840 


9. rel 
9. 492 222 


9. 436693. 


5-196538 
9.490286 


10.714501 | 
10.514209 
10. 51 3755 
10.712850 | 
LOF-E2407 | 5 


10.511957 
10.511507 
10. 51 1059 | 
10. 510610 
10.510162 
10.509714 
10.509267 
10. 08820 
10. 508373 


19.707928 


1077431 | 4 


| 9.493410 | 10. 506590 
9.493354 


10.50 701 | 4c 


10. 505277 f 


10.504313 | 38 


I0:$04.370 
10.503928 
1.003437 
10. 5 02601 
10. 502160 
10.510718 
10. 501278 


4]. Tangent 


2 ee 2 2. 


— 


” 


—_—_—_— 


— — 


2 


185 Degree 17, 
1M Sine | Tangent 17 7 
3o | 9475142] 9:979419| 9.4722 10.501278 | 3 
| 31 |9-478542| 9.979380] | 9.499163 | 10.500337 | 29 
| 32 |9-478942| 9.979340 9.499602 10.500308 | 28 
| 33 9.479342 9-979300| 9.10. 499958 27 
34 | 9-479741 | 9.979260 | 9.500431 | 10.499519 | 26 
35 | 9450140 | 9-979220] [9.500920 | 10.499080 | 25 
| 36 9.480538 9.979180] [9.501359] 10.498641 | 24. 
37 9.480936 9-979140| [9.501797 |10.498203 | 23 | 
33 9.481334 9:-979099] [9.502234 | 10.497765 22 
39 | 9.431731 | 9.979059] | 9.502672 | 10.497328 21 
4o | 9432128 | 9.979019] 19.503109 10.405391 | 20 
41 9.482525 9.978980 [9.503546| 10.456454 | 19 
42 | 9.482921 | 9.978939] [9.503982 | 10.456018 | 18 
43 | 9-433316 | 9.978898 [9.504418 | 10.495582 | 17 
44 | 9483711 | 9:973353| [9.504854 | 10.495146 | 16 
45 9.484106 9.975317 2212's 10.494711 | JF 
46 | 9-484For 9.978777 19.505724! 10.494216 | 14 
| 47 9.484895 9.978736 | [9.506153 10.493841 | 13 
43 | 9.435289 9.978696 [9.506593 | 10.493407 | 12 | 
49 | 9.435632 | 9.978655 [9.507026 | 10.492973 | 11 
. 9.486075 | 9.978615 9:5974F9 | 19.492540 | 19 
| 51. |9.436467 | 9.978774 9.507892 | 10.492107 | 9 
| F2 9.4868 59 9:975533 9.508 326 10.491674 8 
53 9.487271 9.978493 9.08759 10.491241 | 7 
54 9.487642 9.978452 [9.509181 | 10.490809 6 
L 2488833 92841 19-509622 10.400 22 5 
| 56 [9.433424 | 9.978370] 9.510044 10.4899 166 (4 
| 57 9.488814 9.978329] 9.510486 10.4891 3 
58 [9.489204 9.978288 9.10916 10.430084 2 
| 59 [9.489593 | 9.978247 | 9:$11346 10.488654 1 
4 60 9.439982 9.973206 9.511776 10.488227 © 
n 1 Sine 14 | Tangent N 
— —.— - _ — — 
| Degree 72. 


Hah 2 


1 


Degree 18. 


„ Þ. | Tangent e 
9.439982 9.978206 [9.511776 10.488224 
9.490371 9.978165 [9.512206 | 10.487794 
9.450759-| 9.973124] [9.512635 10.487367 58 
9:491147 | 9:978083| [9.513064 | 10.486936 | 57 | 
9.491534 9.978042] [9.513493 | 10.486507 
9.491922 9.978000 9.513921 | 10.486079 
9.492308 | 9.977959 | [9.514349 10.485651 

| 9.492695 9.977918] [9.514777 | 10.485223 
9.493080 9.977877 | 9.515204 | 10:484756 
9.493466 9.977835 [515631 | 10.484369 
242380 | 9:977794 | [9:$16057 | 19.493942 
9.494236 | 9.977752 | | 9.516434 | 10.483516 
9.494620 | 9.977711] | 9.516910 10.48 2090 
9.49500F | 9.977669] | 9.517335 | 19.482665 | 
9.495 388 | 9.9776281 [9.517761 | 10.482239 
949577" | 9:977586| 21817 4. 
9.456154 | 9.977544] | 9.518610 | 10.481390 | 4: 
9.456537] 9.977503] [9.519034 | 10.430566 | 
9.496919 9.977461| |9.519458 | 10.480542 

| 9:497301 | 9.977419] |9.519882 | 10.480118] 41 | 
2.497682 9.97227 |9:52030F | 10:475695 | 4 
9:498c63 | 9:977335 | | 9.520728 10.479272 39 
| 9.493444 | 9:977293 | (9.521151 | 10.473849 
9.498824 9:977251| 9.521573 10.478427 
9.499204 | 9.977209 [9.52199 10. 478ο 
9.499584] 9:977167 | [9:522417 . |: 
9.499963 | 9.977125| 9.522838 10.477162 
9.500342 | 9.977083| [9.513259 | 10.406741 
9.500720 | 9.977041 | [9.523679 10.476320 
9.501099 | 9.976999] | 9.524109 | 10.475900 

[9501476 | 9.976956] | 9.524520 | 19475450 
Sine | | | Tangent I M 
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v3 
N 
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A 
2 
AZ 
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— 
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Degree 18. 


Sine 


I Tangent | 
9501476 | 9.976956 | | 9524529] 10427480 30 
9.501854 | 9.976914 | 9.524939 10.475069 29 
9.502231 | 9.976372 | 9.525359 10,474641 | 23 
9.502607 | 9.976330 9.525778 10.474222| 27 
9.502934 | 9.976787 | 9.526197 | 10.473303| 26 | 
9.503360 | 9.976745 | | 9.526615 10.472287 25 | 
| 9.503735 | 9.976702 | 9.527033 10.472467 | 24 
9.504110 | 9.976660 | 9.527471 10.472749 23 
9.504485 | 9.976617 | 9.527868 10.472132 | 22 
9.504840 | 9.976574 | 9.528235 10.471715| 21 
9.505234 |9:976532 | | 2:523702 | 10.47 1298] 20 | 
| 9.505608 | 9.97648: 9.529118 | 10.470831| 19 
9.505981 | 9.976446 | | 9529935 | 10.470465| 15 | 
9.506354. | 9-976404 | | 9529950 | 10.470049| 17 | 
9.506727 | 9.976361 | 9-5 30366 10.469634 16 
9.507099 9.976318 9.5 30781 10.469219 If | 
9.507471 9.976275 [9-531 190 10.463804,) 14 | 
9.507843 1 9-976232 (9-531 1110.463389 13 
9.508214 | 9.976185 9.532025 10. 467% 
9.508585 9.976146 9.532436 10.467561 [11 
| 9.508955 228103 238 | 19.467147 [10 
9.509326 9.975060 9.533266 10.466734| 9 
9.509696 9.976017 9.533679 10.466321 8 
9.510 9.975973 | 9-$34992 | 10.467908 7 
9.5104.34. 9.975930 195 34504 | 19.4654<6} 6 
FF | 9.510803 | 9975837 | 9.534916 | 10.465034 | J 
9.511191 | 9-975344| | 9-535323 | 10.464672] 4 | 
9.511540 9.975800 9535739 10.464261] 3 
9.511907 [9.975757 9.536150 10.463849 2 
9.512275 (9.975713 9.536561 | 10.463439 1 
9.512642 | 9.926520 9.8992 | 10.463023] ©} 
35 i I Tangent [M1 
Degree 71. 


1 


e 


Degree 19. 1 5 9 { 


. Sine; - 1 Tangent | | | | 


9.512642 2 0.975670 | | 9-536972| 19.453028 | 65 
9.513009 9.975626 9.537382 10.462618 
9.713377 997783 [9.537792] 10.4620 | 53 | Ni 
9.513741 2 975539 9.538202 10.461798 570 
9.514107 9.975496 [9.538610] 1.461389 36% 
0.514472 (9. 975452 | 9539020 19.460980 fe | © 
6.514337 9.97548 9.539429 10.460571|54 | 
0.515202 [9.975364 | 9.939837 10.450163 33 
1 9.515566 9.975321] | 9.540245] 10.459777 522 
9.515930 [9.975277 | | 9-540653] 10.459347 7511 
10 | 9.516294 |9.975233| | 9541061 | 10:455939| go 
1 | 9.516657 9.977189] [9.541468 | 10.458532 | 45 
12 | 9.517020 9.975145] | 9.541875 | 19.458125 | 48 
| 13 | 9.517382 [9.975101 | | 9.542251] 10.457719] 47" 
| 141 9.517745 [9.975057] | 9542638 | 10.457312146 | | 
5 | 9.518107 [9.975013] | 9.543994 | 19456906 45 
16| 9.513465 [9.974969 | 9.543499 10- 10.4565or [44 | | 
| 17 | 9-F18825 19974925 þ | 95439071 30: 456095 [43 | | 
18. 9.519190 9.974880 | 9.544310| 10.455690 42 1 
19 9.519557 [9.974336 | 9.544715 10. 4/7287 [qr | 2 
20 | 9.519911 19:974792 | | 9:54F119 10.404881 [40 
{ 21 | 9.520271 [9.974747 | | 9545524] 10.454476 | 39 | 
| 22 9.520631 [9.974703 | 9.47927 10.454972 [38 | |} 
+231 9.520990 [9.574659 | | 9.546331 | 10-453669|37 | | 
9.521349 [9.974614 | | 9.546735 10.453265 36 

27 9.521707 [9-974570 | 242138 10.45286z | 31 
26 | 9.522065 [9.974525 | | 9-547549]| 10.472479 34 | 
27 | 9.522423 9.974480 9.547943 10-452057 [33 | 
| 28 | 9.522781 [9.974436 | | 9.543345] 10.471675 | 32 
| 29 9.523138 [9.974.391 | 9.549747 10451253 31 | 
| 30 | 9.523495 [9.974346 | [9.449149 19.400811 [30 | 


| | Sine | | * Tangent M | 


3's + <8 5 223 = 


nn 


2» 


E e 70. : 


on a W w A "WO FITS 


—— penn 


Degree 19. 


Sine 


8822497 
9.523351 
9.524208 


9.524564. 
9.524920 
35 | 9.525275 


= — 


9.525630 
9.525984. 
9.5263 39 


| 9.526693; 


9. 22046 


9.527400 
9.527753 
9.528 105 
9.728478 
9.5238 10 


9.5291 61, 
9.529513 
9.529864 
9.530214 
9.530565 
9.530915 

9.531265 
9.531614 


49.531963 
SS | 9.532312 


9.532661 
9.533009 
9.533357 


| 9.533704 


o | 9.534052 


9.974346 
9.974302 
9.974257 
9.974212 


9.974077 
9.974032 


9.973987 


9.973942 
9.973397 


9.973307 
9.973761 
9.973716 
9.973671 


9.973615 


9.973530 
9.973535 


9.973443 


9.973398 | 


9.973352 
9.973307 


9.973215 
9.973169 
9.973123 
9.973078 


9.973032 


9.972986 


Sine 


9.974167 


9.97422 


9.973852 


— 


9.973489 


9.973261 | 


Tangent 


— ——— — 


2.49149 
9.549550 


9.549951 
9.550352 
9.550752 
9.FFIIF2 
9.551552 
9.751952 
9.552351 
9.752750 
9.553149 


9.553548 
9.573946 
9.554344 


9.554741 
9.555139 


9.555536 


9.555932 
9.556329 
9.556727 
953/121 


9.557517 
9.77912 


9.558308 


9.558702 
9.559097 


9.70935 
9.559355 
9.560279 
9.560672 
9.561066 


— —————— — 


10.4503 Fl 
19.450450 
0.450049 
19.449643 


10.448 848 


10.448048 
10.447649 
10.447250 
10.4468 71 


10.446452 


10.445656 


10.444861 


10.44 4464 
10.444068 


10.443277 
10.442879 


10.442483 


10.441693 
10.441208 


| 


10.440599 
10.440115 
10.439721 
10.438934 
Tangent 


10.449248 


10.448448 


10.445259 | 


10.44.3671 | 


10.442088 


10. 440% 


10.439327 


10.446074 


* 


7 


2 ISL 


10 


[64 ww | 


ä 


— 


Degree 70. 


| 


"Hh : 


N - ” < 
e : 


Degree 20. 


1 


9.334052 | 9.922986 | 9.561066 19.438934 
9.534399 9.972940 | 9.561459 10.438541 
9.534749 | 9.972394. | | 9.561851 | 10.438148 
9.535091 | 9.972848 9.562244 10.437776 
9.37437 9972801 | | 9.56263 
9535792 | 9.972755 | | 9.563023 | 10.436972 
9.436129 | 9.972709 | | 9.563419 | 10.436580 
9.536474 | 9.972663 | | 9.563811 | 10.43618 
| 9.536818 9.972617 | | 9.564202 | 10.43579 
9.537163 9.972570 | | 9.564592 |10.435407 
9537507 | 9:972524 | | 9564983 | 19.435017 
9.537351 | 9.972477 | | 9.565373 | 10.434627 
9.539194 | 9.972431 | 9.567763 10.434237 
| 13 | 9-538537 | 9.972384 | 9.566153 | 10.433847 
14 | 9.533880 | 9.972333 | | 9.566542 | 10.433457 
| 5 |2:539222 | 9972291 | [9.566932 | 10.433068 
| 16 | 9-539565 | 9.972245 | [9.567320 | 10.432679 
_ | 17 [9.539507|9-972198 1, 9.567709 10.432291 
18 | 9.540249 9.972151 | 9.568097 10.431902 
19 9.40590 9.97210 9.569486 10,43 1714 
| 20 | 9.540931 | 9.972053 9.769873 10.431126 
21 | 9.541272 |9.972011 | |9.569261 | 10.430739 
22 | 9.541612 [9.971964 | [9.565648 | 10.430351 
23 9.541953 9.971917 {9.570035 | 10.429964 
| 24 | 9-542292| 9.971870 | [9.570422 | 10.429578 
25 | 9.542632 | 9.971823 9-ſ70bog | 19429191 
26 | 9.542971 | 9.971776 | |9.571195 10.428805 
27 | 9.543310 |9-971729| \9.571581 | 10.428419 
23 | 9.543649 | 9.971682 9.571967 10438033 
| 29 | 9.543997 9.971638 [9.572352 | 10.42764 
30 | 9-£4432F | 9:971555 | [9.572738 | 19427262 


8218 G ls 4 to -!ol 
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M | Sine | | Tangent | 5 


10.437364 


Sine | | Tangent | 


" _ — — 
x —— —— hy 


Fes ä | 
Degree 69. 


H— 


* As 2 U . 
% on * . LE: e 
9 Se; IJ 


— 
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Degree 20. 


ö 


244327 
9.544663 
9. Ja 5000 
9.545338 
9.545674 
9.546011 
9.546347 
9.546683 


9.547019 
9 | 9:547354 
n 


9.545024 
9.543358 
9.543693 
9.549026 
' | 9.549360 


| 9.545693 
9550026 


48 | 9.550359 


9.550692 
9.551024 
9.551355 
9.551687 
9.552018 
9.552349 
| 9.553010 
' | 9553340 

9.553670 
9.554000 
9.554329 


1 


Sine 


9.971540 
9.971493 
9.971446 
9.971398 
9.971351 
9.97130 
9.97125 
9.971208 
9.971161 
9.971112 
9.971065 
9.971018 
9.970970 
9.970922 
| 9.970874 
9.970826 
TEE 
970731 
9.970683 
9:970634 
9.970586 
9.970538 
9.970490 
9.970442 
9.970394 
9.970345 
9.970297 
9.970249 
9.970200 
297012 


Fine 


| 


— 


| Tangent 


9.572738 
9.573123 
9.573507 


| 9.573892 


9.574276 
974660 


| 9-575044 


9.575427 
9.575810 
9.576193 
9.576576 
9.576958 
9.577341 
9.577723 
9.578104. 


| 9.578486 


—— — 


9.778869 


1979245 


9.579628 
9.580009 
9.580389 


9.580769 
9.581149 
9.581528 
9.581907 
9.582286 


9.532665 
9.583043 
9.533422 
| 9.583800 


[2247 
* 


| 


10.427262 


10.426877 


10.426492 


10.426108 
10.427724 


10.427340 


10.424956 
10.424573 
10.424189 
10.423807 
1423424 
10.423041 
10.422679 
10.422277 
10.421896 
10.421T14 
10.421133 
10.420752 
10.420371 


10.419991 
10.419611 


10.419231 


10.418851 


10.418472 


10.418092 
10.417713 
10.417335 
10.416956 
10.416578 
10.416200 


10.4 1823 


| 


10 


Tangent 


E lo = nw a ow col 


——— 


” Degree 69. 


— 


Ero ee | 


991 


9.58909 


9.563112 
9.563433 


Sine 
9.554.329 
9.554653 
9.554957 


9-SFF31F | 
9.555043 


1 


9.556299 
9.556626 
5255 
9.557279 
LO Tho 
9.557932 
9.558258 
9.553533 


9.559234 
9.55958 
9.559833 
9.560207 


9.161178 
9.561501 
9.561824 
9.562146 
9.562468 


9.562790 


9.563754 


9.560531 | 
|9.560855 


— 


9.970152 


9.969665 | 


9.969518 


| 


9.564075 | 


| 


e. 


—— —— 


9.970103 
9.970055 
9.970006 
9.969957 
©.c69909 
9.969860 
9.969811 
9.969762 
9.969713 


9.969616 
9.969567 


9.969469 
9.969419 


9.969370 


9.969321 | 
9.969272 | 


9.969223 
2362753 


— —— 


9.969124 


Sine 


9.534177 
9.534555 
9.534932 


OO 
4 
YO 
oF 
— 
O 


9.590935 
9.591308 
9.591 681 
9.592054. 
9.592426 
9.592798 
9.593170 
9.693542 
9.593914 
9.594285 
9.594656 
9.595027 
9.595397 


| 


| Tangent | 


3 


10.415822 


10.4144 


10.415068 58 
8 10.414691 
10.414314 


10.413938 
10.413561 
10.413185 
10.41 2800 


6610.412434 


10.412059 
10.411684 
10.411 309 
10.410934 
10.410560 


9514 | 10.410185 
10.409812 | 


10.409438 
10. 409 65 
10.408692 
10.408319 


10. 407946 


10.407574 
10.407201 
10. 406829 


10.406457 


10.406086 


10.407715 
10.405344 
10. 407073 
10.404602 


— __— 


Tangent 


A 


„ . Og WS 29 i RY 


Degree 68. 
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Degree 21. 


31 


Sine | I Tangent 
9.564396 | 9.968628 | 9.595763 
9.564716 9.963578 | | 9.596133 
9.565036 9.963528 | 9.596503 
9.565356 | 9.563473] | 9.596378 | 
9.565675 | 9.963423 | | 9597247 
9.565995 9.958378 9.97616 
9.566314 | 9.963323] | 9.597985 
9.566632 | 9.963273| | 9.598354 
9.566951 | 9.963223| | 9.593722 
9.567209] 9.969178 1 | 959900r 
9.567587 |9.963123| | 9.599459 
9.567904 9.963078 | 9.599927 
9.563222 | 9.963027 | | 9.600194 
9.563539 | 9.96797 | | 9.600562 
9.56385s [9.967927 | 2.58929 
9.559172 | 9.967376 | | 9.6012 
9.569488 | 9.967826 3885 
9.569804 | 9.967775 9.602029 
9.570120 | 9.967725 | 9.602395 
9570455 | 9.967674| [9.602751 
9.570751 | 9.967623 | 9.603127 
9.71065 9.967573 9.603493 
9.571380 | 9.967522 | 9.603878 
5.571695 | 9.967471 [9.60422 
9.572009 | 9.967420 | | 9.604585 
9.572322 | 9.967370 9.604953 
9.572636 | 9.967319 | | 9.605317 
| 9.572949 | 9.967263 | | 9.605631 
9.573263 | 9.967217 | | 9.606046 
9.573575 | 9.967166 | | 9.606409 

. 


1.44052 
10.404232 
10.403862 


10.403122 
10.4027 f3 


10.401646 
10.401277 
10.400909 
10. 400541 
10.400173 
10.399806 


10.398337 
10.397971 
10.397605 
10.397239 


10.397412 


10. 394683 
10.394318 
10.393974 


) | 19.393590 


1 Tangent 


| 


10.403492 


10.399438 
10.3990 


10.398704 


10.396873 
10.296507 
10.396142 
10.395777 


10.402384 
10.402017 


| 10.395047 | 


101 


| E lo « wwe boy Go 000 | 


Degree 68. 


Degree 22. 


110 


© ow o 


| 


9.573575 
9.573888 
9.574200 
9.574512 
9.574824 
22837 
THE 
9.57575 

9.576068. 
9.576379 
9.576639 
9.576999 
9.577309 


9.577613] 9. 


9.577927 
9.575236] 9-90! 


| 


9.578545 
9.578853 
9.579161 


19.579469 


9:379777 
9.580084 
9.580392 
9.580698 
9.581005 
9.581311 
9.531618 
9.581923 


9.582734 
9.582840 


— m———— 


Sine 


195822299. 


[9- 


9.567166 


Sine 


| 


| 


{ 


Tangent | 


9.606409 
9.606773 
9.607136 
9.607500 
9.607862 


| 9.608225 | 


9.608 588 
9.608950 


9.609312 
19.609674 


8 


9.612201 
9.612561 


| 9.612921 


9.613281 
9.613641 


9.614000 


9.614359 
9.614718 
9.615077 
9.61 $435 
9.615793 
9.616151 


9.616509 


9.616867 
9.617224. 


10.393590 
10.393227 


10.392863 


10.392500 
10.392137 


10.391774 


10.391412 
10.391050 
10.390688 
10.390326 
10.389964 
10.389603 


10.389241 


10.388880 
10.388 520 


10.387438 


10.387078 
10.386719 


10. 386359 


10.386000 


10. 38 5641 


10.385282 
10.384923 
10.384065 
10.384207 
10 
10.383491 
10.383133 


10.382776 


Tangent 


1.388179 
10.387799 


D Degree 67. 


Degree 22. 


Sine I Tangent 
9.532340 | 9.965615] [9.617224 10.332776 
9.593144 9.967563 9.617581 10.382418 
9.583449 9.965511 9.617938 | 10.382061 
9.583753 | 9.965453| | 9.618295 10.38 170% 
9.534058 9.965406 | 9.618652 | 10.381348 
955436 988720 | 9:619008 10.480295 
9.584667 9.965301 | | 9.619364 | 10. 2806375 
9.534963 | 9.965248 | | 9.619720 | 10.380279 
9.585271 | 9.965195 | | 9.620076 | 10.379924 
9.535574 | 9.965143| | 9.620432 | 10.379568 
9-535877 | 9.965090 | | 9.620787 | 10.379213 
9.536179 9.995037 | [9.621142 | 10.373858 
9.586431 | 9.964984 | | 9.621497 | 10.378503 
9.536783 | 9.964931 | | 9.621852 | 10.378 148 
9.537085 | 9.964978 | | 9.622206 | 10.377793 
9-587386 | 9.964825 | | 9.622561 | 10.377439 
9.587687 | 9.964772 | 9.622915 10.377085 
9.587988 9.964719 9.623269 | 10.376731 | 
9.598289] 9.9646 9.623623 10.376377 
| 9.588589 | 9.964613 | | 9.623976 | 10.376024 
9.538890 | 9.964.560 | | 9624330 | 10.375670 
9.589190] 9.964507 | | 9.624683 | 10.375317 
9.539489 | 9.964454 | | 9625036 | 10.374964 | 
9.589789 9.964400 | | 9.625388 | 10.374612 
9.590088 | 9.564347 | |9-625741 10.374259 
9.590387 | 9.964294 | | 9.626093 | 10.373907 
9.590686 | 9.964240 | 9.626445 10.373575 
| 9590984 | 9.964187 | [9.626797 | 10.373203 
9.591232 | 9.964133 | 9.627149 | 10.372850 
9.591580 9.964080 | | 9.627501 | 10.372499 
9.591878 | 9.964026 [9.627852 | 10.372148 
Sine | 


[ 


Tangent 


— nee 


lt 


Degree 23. 


M | Sine | | | Tangent | 3 5 
58791878 j9.564026 9.627872 19.372148 (% 
19.592175 9.963972 9.528203 10.371797 59 3 

2 | 9.592473 9.963919 9.628554. 10.371446 IE 
39.792770 9.963867 9.528907 0.371095 | 57 | BY | - 
4 | 9.593067 [9.563811 | 9.629255 10.370744 | BE 

7 | 9:593363 [9-$63757 2.29886 | 10.370394 | 55 | I} | 
6 9.993659 [9.963703 | 9.629956 10.370044 54 | I} | 
79.9397 [9:963650 9.630306 10. 369694 © I 
89.594251 9.963596 9.630657 10.369344 2 
99.594047 9.863742 9.631005 10. 36809 | 51 | (F |- 
10 9.594842 9.863483 [9-631354|10.363645 | % 

11 | 9.595137 9.963433 9631704 10.363296 49 If |- 

12 | 9595432 9.963379 9.632053 10.367947 | 48 |. 
13 | 9595727 9.963325 9.632401 | 10.367598 | 47 | 
| 14 | 9.556021 19.963271 | |9-632750| 10.367270 46 
]15| 9596315 9.563217 9.633098 10.366001 45 | 


16 | 9.556610 [9.963102 | 9.633447 10.366553 | 44 
17 9.596903 9.963108 9.633795 20.366207 43 . 
18 | 9.597156 [9.963054 { [9634143] 10.367857 42 | 
19 | 9597450 9.962999 9.634490 10.365510 41 | Y | 
20 | 9597783 9.962947 2.534838 10.365162 | 40 


— — ᷑ä— 


21 | 9.595075 7552656 9.637185 10.364817 30 
9 


_ | 22 | 9.598368 | 9.962836 | . [9.635530] 10.364468 | 388 
| 23 | 9.598660 9.962781 | 9.635879 10.364121 | 37 
9.598952 | 9.662726 | | 9.636226] 10.363774 | 36 | 
25 | 9.599244 | 9.962672 | | 9.636571 | 10.263428 | 37 
26 | 9.599536 | 9.562617 9.636918 10.363081 | 34 

| 27 | 9.599827 | 9.562562 | 9.637205 10.362735 | 33 | 
1] 28 | 9.600118 9.962707 | 9.637610] 10.362389 32 

| 29 | 9.600409: 9.962453 9.637956 10.362044 | 31 
| 30 | 9.600700: [9.962398 | 9.838202 10.361698 | 30 


| — 


e Sine | 


E 


6 


| Tangent IM 


A r » 3 
——— : —_ 


1 ; Degree 66. 


— 


Degree 23. 


1 


Sine 


— ——ä— — 


| 9.603832 
9.604170 
9.604457 9. 
9.604745 
| 9.605032 J 
.605319 
71 
31 9.605392 
9.606179 


30 9.500700 


9.600990 
9.601230 
9.601570 
9.601360 


5 | 9.602149 


.6024.39 
68852 
9.603017 
9.503305 
9.603594 


9.962 34.3 
9.962233 
9.962233 


9.962178 
9.962122 | 


9.962067 


9.961957 
9.961846 


9.961791 | 


9.961458 | 


9.961402 


9.961235 
9.961179 


9.607322 9.96 


9.607607 | 9, 
9.907892 
9.608176 
9.608461 
9.608745 
9.605029 
| 9.609313 


9.961011 


| Tangent 


9.962368 | | 9.638352 


9.038992 
9.639682 


| 9.640027 
9.962012 | | 9.640716 
9.641060 
9.641404 
0:641747 


9.961902 | 


9.642434 
9.642777 
9.643120 


9.643806 
9.644148 
9.961346 
| 9.606465, 9.961290 | 
9.606750 
9.607036 


9.645174 
9.645516 


| 9.646540 


9.647222 


* 


—  — — — — —C 


[0.361698 


10.361353 
10. 36100 


10.360662 


10. 360318 
10.379973 | 
10.359629 
10.359284 
10.353940 


10.358 506 


10.378273 
10.357909 
10.357566 
10.357223 
10.356980 
10.376037 
10.356194 


10.357872 


10.355510 


10.355168 


10.274826 


10.354484 
10.354142 
10.353801 
10.353460 
10.303119 
10.352778 
10.352438 
10.372097 
10.351777 
10.371417 


Degree 66. 


I Tangent 


| = |o = OH | 


88 


Tangent 


Degree 24. ; 

M Sine : | | Tangent = 
_0 | 9.609313] 9.560730 | | 9.648583 | 10351417 |60 |Þ 
1 | 9.609597] 9.960674 | | 9.648923 | 10.351077 | 59 || 

2 | 9.609880] 9.96c617| | 9.649263 | 10.350737 | 58 |} 
3 | 9.61c163| 9.560561] | 9.645602 10.370398 575 
49.610446 9.960% 0 | | 9.649942 | 10. 350058 56 . 
59.610729 9.960448 | | 9.650281 1.349319 5x || 
6 | 9.611012] 9.960392 | | 9.655620 | 10. 34938054 
79.611294 9.960335 | | 9.650959 10. 349041 73 
39.611576 9.960279] | 9.651297 10. 34703 52 
99.611858 9.960222 |. | 9.651636 | 10. 34636451 
10 | 9.612140] 9.960165 | | 9.651974 | 10.348026| yo |} 
| 11 | 9.612421] 9.560109 | | 9.652312 | 10.347688 | 49 
12 9.612702 | 9.560052 9.672690 10.347270 43 
13 | 9.612983] 9.959995 | | 9.652988 10.347012 47 
14 | 9.613264| 9.959933 | | 9.653326 10. 34667446 
IF | 9.613545 | 0.959881 9.653663 10.346337 44 
16 | 9.613325] 9.959824 | 9.604000 10. 347944 
17 9.614105 9.959768 | | 9.654.337 | 10. 34766243 
13 9.614385 9.959710] | 9.654674 | 10.345325 142 | 
119 9.614665 9.959653] 9.677011 10.344989 41 
20 8.814944 9.209796] | 9.655348 10.344 % 
121 9.615223 9.919509] | 9.655684 | 1034431639 
22 9.615502 9.959432 | | 9.656020 10. 3439803 
23 | 9.615781 | 9.959425 | | 9.656356 | 10.343643 | 37 
24 | 9.616060| 9.959367 | | 9.656692 | 10.34 3308 | 36 
27 | 9.616338| 9.959310 9.657023 10.342972 35 || 
26 | 9.616616| 9.959253] | 9.657363 | 10. 342636 34 
27 9.515594 9.979197] | 9.657699 10.34% | 33 | | 
23 9.617172, 9.959138] | 9.653024 | 10.341966 | 32 | 
29 9.617450] 9.955080 | | 9.658369 |10.34t531 [31 | © 
1-30 | 9.617727 9.959023] | 9.658704 |10.3412566|30 | | 
Sine | M | 


Te — GD 


Degree 65. 


„ 


n A — 


** 


Degree 24. 


Sine 


i 


— 


| M | Tangent F A | 
30 9.617727 9.959023 [7419.341296 35 
31 | 9.618004 | 9:953g65 9.659039 10.340926 29 
32 | 9.618231| 9.958908 | 9.679373 10.340627 2g | 
| 33 | 9.618553] 9 953850 > hn one oe 27 
34 | 9.618334 | 9.958792 | | 9:660042 10.339978 26 
35 | 9.619110] 9.953734 | 259376 10.339624 | 25 
36 | 9.619386 | 9.959677 | 9.6607 10 10. 339290 24 
37 0.619862 9.953619 | 9.661043 10.338957 23 
38 | 9.619938 | 9.958561 9.661377 10.338623 22 
39 8 9.985703 9.881710 10.333290 21 
40 9.620488 9.978447 9.562043 10.337960 20 
41 | 9.620763 9.958387 9.662376 10.337623 rg 
42 | 9.621038| 9.958329 9.662709 10.337291 18 
439.6213131 9.958271 9.663042 10.336978 17 
44 | 9.621587 | 9.958212 8 10336025 16} 
45 | 9.621861 | 9.958154 | | 9663707 [19.336293] ro | 
46 | 9.622135] 9.958096 | | 9-664039[10.335961| 14 
47 | 9.622409 9.958038 9.664371 10.337529 131 
9.622682 9.957979 | 9.664703 10.335297 | 12 | 
49 | 9.622956 | 9.957921 9.665025 10. 33496511 
Fo | 9.623219 9.907862 | 9:555366110-334624 | 10 
51 9.623502 | 9.957804 | | 9:665697 [19-334302| 9 | 
F2 | 9.623776 9.957745 9.666029 |19.333971| $ 
F3 | 9.624047 | 9.957637 9.666360 [10.333640| » | 
54 9.624319 9.957628 | | 9.666691 |10.333309| 6 
55 | 9.624591] 9.957570 | | 9:667021 [19332979] F 
56 | 9.624863 | 9.957511 9.667352119-332648| 4 
57 | 9.625134| 9.957452 | | 9667632 [10.332318| 3 
58 | 9.625406] 9.957393 | | 9-663012119.331987] 2 | 
59 9.625677 9.957334 | | 9:563343 [10.331657] 1 
60 | 9.625943| 9.957276 | | 9:668672110.331327] o| 
| F 0 | Tangent | M1 
Degree 65. 


11 


— 


8 2»„( 


ww ” — 


| Degree 25. 

MI Sue 0 Tangent +--1 
0] 9.625948 [9.957276 | | 9.63672 | 10.331327 | 6 | 
1 | 9.626215 | 9.957217 | | 9.669002 | 10.330908 | 59 
2 | 9.626490 | 9.957158 | | 9.669332 | 10.3 30668 53 
3 | 9.626760 | 9.957099 | | 9.669661 | 10.330339 | 57 
4 | 9.627030 |9-957040 | | 9.669990 | 10.330009 | 56 
_ F| 9.627300 [9.956981 | | 9.670320 | 10.329630 | 55 
6| 9.627570 [9.956922 | | 9.670649 | 10.329351 | 54 
7| 9.627840 [9.956362 | | 9.670977 | 10.329022 | 53 
81 9.628109 [9.956303 | | 9.671306 | 10.323694. 52 
_ 9] 9.622378 [9.956744 | | 9.671634 | 10.328367 51 
10 9.628647 9.956684 : 9.671963 10.323037 Jo 
11 | 9.628916 [9.956625 9.672291 | 10.327709 | 49 
12 9.629184 9.956565 | 9.672619 | 10.327381 | 48 
131 9.629453 [9.956208 | | 9.672cq7 | 10.327053 | 47 
14 9.629721 [9-956446 | | 9.673274 | 10.326727 46 
15| 9.629989 19.956357 | | 9.673603 | 19.326398 | 45 
16 9.630257 9.956327 | 9.673929 10.326970 44 
17 9.630524 9.956267 9.674256 | 10.325743 43 
18 9.630792 9.956208 | 9.674584 10.325416 42 
191 9.631059 [9.956143] | 9.674910 10. 3257089 41 
209.6313265 9.956088 | | 9.675237 10.324763 40 
| 21 | 9.631592 9.956029 | 9.675564 | 10.324436 39 
22 9.631859 9.977969 | 9.675890 | 10. 324110 | 28 | 
23| 9.63212x [9.955909 | 9.676216 10.323783 37 | 
24 9.632392 [9.9553849| | 9.676543 | 19.323457 | 36 | 
25 | 9.532657 |9-955739 | | 9.676369 | 10.323131 | 35 
26 | 0.632923 [9-955739| | 9.677194 | 10.322805 34 
27 | 9.633189 [9.955669 | | 9.677520 | 10.322480 | 33 
23 | 9.633454 |9-955609 | | 9.677845 | 10-322154 | 32 | 
29| 9.633719 [9-955548 | | 9.678171 | 10.321829 | 31 
30 | 9.633934 [9-955438 | | 0.678406 | 10.321504 30 

1 „ | Tangent | y 


Degree 64. 


Degree 25. 


M | Sine | 


| Tangent | F -- 
30 | 9.633984 |9:957453 e 10321594 | 30 
{95 9.634249 19-95 5425 | 9.678321 | 19.321179 29 
|-32 | 9.634514 9.955367 9.679146 10. 3208 74 23 
33 9.634775 9.955307 | 9.679471 10.320529 27 
34 | 9.635042 [9-955 246 | | 9.679795 fo. 3202 26 
35 1.635306 9.955136 | | 9.630120110.319599 | 25 
26 | 9.635570| 9-955125 9.6304. 14. 10.319556 24 
37 | 9.635833 9.955065 | | 9.630763} 10.319232 23 
38 | 9:636097 | 9:95 5904 | | 9.631092 10.318908 22. 
39 | 9.636360 9:954944 | 0.631416|10.3135$4 | 21. 
| Jo | 9.636623 9:954383 | | 9.631740 (0.313260 | 20 
41 9.656336 9.954527 9.632063 \10-317937 19 
42 9.637148 9.94762 | 9.632336 10.317613 18 
43 9.637411 . gor, 9.682710 10.317200 | 17 | 
44 9.637673) 9:954640 | 9.633033 10.316967 | 16 | 
1% | 9.637935| 9959579 eee c | Is 
45 5635197) 9.954513 | |9.683678|10.316321 | 14 | 
47 | 9.633453 9.954457 | | 9.634001 [10315992 | 13 
48 | 9.633720 9.954396 9.684324 10.315676 12 
49 9.638931 | 9954335 | 9.84646. 10 
Fo | 9.639242 9954274 | | 9:634963 [10-3732 | 
F1 | 9-939503 9.954213 9.635290 10.314710 
52 9.639764 9.974152 9.635612 10.313388 


5 
| 53 | 9.640024 | 9-954999 9.635934 10.314066 7 
| 54 | 9.640234 | 9-994929 | 9.686255 10.313747 6 
55 | 0.640544 28498 2888577200 42 | I 
| 56 | 9.640804 | 9:953906 | 9.636398 | 10.313192 | 4 
3 
2 
1 
Dh 
M 


57 9.641064 9.953345 9.687219 10.312731 
58 | 9.641323] 9-95 3783 9.637540 10.312460 


1 6415839. 2: .63736 212138 
59 9.641533 |9:953722 | | 9.637861 10.3113 
d | 60 | 9.641842 9.953660 9.638182 |10.3115315 


N 


Sine I Tangent FT 


Degree 64. | 


Ii 


— . 


© cow ſap w vo] 5 


10 


— 
* 


22 
23 
24 
27 
26 
27 
28 
29 


130 


Sine 


9.641842 


9.642101 


9.642260 
9.6426 18 
9.642876 
9.543135 
9.643393 
9.643650 
9.643903 
9.644165 


9.644423 


9.644680 


9.644936 


9.645193 
9.045449 
9.645706 


9.647962 


9.646218 
9.646473 
9.646729 


| 9.646984. 
9.647239 
9.647494 


9.647749 
9.648004 


| 9.951980 


| Degree 26. 


Fo 


9.953660 


f —— 


9.953598 
9.953537 
9.953475 
9.953413 


9.953228 


9.953104. 
VALLE oe wy 


9.952980 
9.952917 
9.952555 
9.952793 
9.952731 
9.952668 
9.952606 
9.952544 
9.952481 


9.952231 


9.952043 


9.951917 
9.951354] 
9.951791 


9.9533F1 | 
9.953290 


9.953166 


9.952419 | 
9.952356| 
9.952294 | 


9.952168 
278 9.952105 | 


Sine | 


Tangent 


9.688 182 
9.688 502 
9.688823 
9.69143 
9.689463 
22 
9.690103 


9.690423 


| 9.691700 
9.692019 


| 9.692656 
9.692975 
9.693293 
9.693612 

9.693930 
9.694248 
9.694566 
9.694383 
9.699201 

9.695718 

9.695335 

9.696 152 

9.696470 

9.696786 


9.697103 


9.697420 
9697733 


10. 308938 


9.692338 


10.311818 


19.311498 
10.311177 
10.310857 


10.310537 
10.310237 


10.309897 | 


10.309577 
10. 309258 


10.308619 


10.307981 
10. 307662 
10.307343 
10.307025 
10. 306706 
10. 306388 


10. 308 300 


10. 306070 
10.305772 
10.300434 


10.305117 
10.304799 
10. 304482 
10.304164 


| 10.303847 37 


10.303530 
10. 303213 
10. 302897 
10. 302580 

10.302264 


Tangent 


Degree 63. 


=. tt. ed 


1 — nn. — 


— 


Degree 26. 


71 Sime | | | Tangent | 
32 | 2.649927 [9.951791 | [9.69773 | 1925226; | 30 
31 | 9.649781 [9.951728 | 9.598052 10.301947 j 29 
32 | 9.650034 [9.951565| | 9.698369 | 10.301631 j 23 
33 | 9.650287 [9.951602 | | 9.698635 | 10.301315 27 
24 |9.650519[9.951539! | 9.695001 10. 300099 | 26 
35 | 9-650793 [9.951476| | 9:699316 | 19.350634 | 26 
36 1 9.651044 [9.951412{ | 9.699632 10.300363 | 24. 
37 | 9.651256 9.951349] | 9.699947 | 19.300052 23 
33 9.651643 9.951286 | 9.700263 } 10.299737 22 
39 [9.651800 9.951222 | 9.700575 10.2994 | 21 
| 42 | ernors (SIfruey |. 1.9-700893 | 10.299107 | 20 
41 | 9.652303 |9.951095 | | 9.701208 j 10.293792 | 15 
42 9.652555 9.951032 9.701522 10.295477 | 13 
| 43 | 9.652306 9.950963 | | 9.701337 | 10. 29816317 
44 | 9.653057 | 9.950905 9.702152 10.297848 | 16 
| 45 | 9.653307 | 9950841 | | 9.702466 | 10.297734 17 
| 46 | 9.653558 | 9.950777 | | 9.702780 | 10.297219 | 1. 
47 | 9.953808 | 9.950714 | 9.703095 10.296905 13 
| 43 9.674059 | 9.950650 | | 9.703409 | 19.2965g1 | 12 
49 | 9.654309 | 9.950536 | | 9.703722 | 10.296277.| 11 
Fo | 9.653558 | 9.950522 | | 9.704036 | 10.297964 10 
| ST | 9.654808 | 9.950453 | | 9.704350 | 10.295656 9 
52 | 9.655057 | 9.950394 | | 9.704663 | 10.297337 5 
3 | 9.655307 | 9.950330 | | 9.704976 | 10.295023 | 7 
F4 | 9.655556 9.950266 | 9.905290 | 10.294710 | 6 
fs | 9.655Boy | 9.959202 | | 9705603 | 10:294397 | _F 
56 | 9.656053 | 9.950138| [9.705915 10.294084 4 
57 | 9.656302 | 9.950074 | 9.706228 10.293771 3 
| 53 | 9.656550 | 9.950009 | | 9.706541 | 19.293459 2 
| $9 9.656799 | 9945945 | [9.706353 | 10.293146 | 1 
© 1 E097 FEL0088: | 19-707100 110292324 |2 
h Sine ; 1 Tangent | M 

Degree 63. 


* 


„ Es 


Degree 27. 


Sine 


—— M36... 


9.657047 
9.657295 
9.657542 
0.657790 
9.653037 
9.653234. 


9.658531 
9.653777 
9.655024 
9.659271 
9.659517 
.65976 
* 
9.660255 
9.660500 


| 9.660746 


| 9.660991 


9.661036 
9.661481 
9.661726 
9.661970 
9.662214 
9.662459 
9.662702 
9.662947 
9.663190 
9.663433 
9.663677 
9.663920 


9664406 


— — 


9.664163 


= 


9.949330 


9.949316 
9.949752 
9.949687 
9.949623 
9.940598 


9.949494 
9.949429 
9.949364 
9.949300 
9.949235 


—_ 


9.949105 
9.940040 

9.948976 
9200900 


9.948760 
9.948715 
9. 9486 50 
9.948584 


9.943453 
9.948388 
9.948323 
9.94827 


9.948191 
9.943126 
9.943060 
9.947995 


9.947929] 


Sine 


[ 


9.949170 


—9 48847 


9.948 519 


* 


9.707478 
9.707790 
9.708 102 
9.708414 


9.708726 


9.709037 
9.709349 
9.709660 
9.709971 
9.710282 


9.710593 
9.7 rogog. 
9.711214 


9.711525 


9.713695 


| 9.714005 


9.714314 
9.714624. 
9.714933 
9.715241 
9.7IFFFO 
9.715359 
9.716168 


| 


Tangent | 


9.716477 


10.292210 
10.291897 


10.202834 
10.292523 


10. 291586 


10.291274 


10. 290962 


10.290651 


10. 290340 
10. 290029 


10.289718 


10.289096 
10.288785 


10.289407 


10.288475 


6 1.28164 


10.287854 


10.287744 
10.287234 


10.286924 
10.286614 


10. 286305 
10. 28 5995 
10.285686 
10.285376 
10.285067 


10.284140 
10.283832 


tl 


10.284758 
10.284449 


10.283723 


Degree 62. 


Tangent 1 


r * 4 . 


8 Degree 27. 


M Sine + > | Tangent | 


30 | 9:664406 9.47929 9716477 28/23 30 
131 [9.664648 9.947863 9.716785 10.283215 29 
32 | 9.664391 | 9.947797 9.717093 10.282907 23 
339.665 1339.947731 [9.717401 | 10.282598 | 27 
| 34 9.665375 9.947665| 9.717709 10.232290 | 26 
| 35 9.665617 | 9.947599] 9.718017 10.231983 | 25 
36 9.567858 | 9.947533| | 9.718325 | 10.231675 24 
37 9.666100 9.947467| 9.718633 10.281367 | 23 
| 33 9.66634 1 9.947401 9.718940 10.28 1060 22 
| 39 | 9666583 | 9. 947335 9719248 10.2802 21 | 
| 40 | 9:665324 | 9.947269] |9-71955F[10.2B0445 | 20 | 
| 41 | 9.667065 | 9.947203| | 9.719862 | 10.280138 19 
| 42 9.667305 9-94713 9.720169| 10.279831 | 13 
| 43 |9-567546 | 9.947070; 1 9.720476 | 10.279524 | 17 
| 44 | 9667736 | 9.947004 | 9.720783 10.279217 | 16 | 
| 45 |9:668026 | 9.946937 | [9.721089 | 10.278911 | IF 
| 46 | 9-663266 | 9.946371 | 9.721395 10.278604. | 1 
147 | 9.668506 | 9.946804. 9.721702 1 11 
| 43 9.668746 | 9.946738] 9.722008 | 10.277991 | 12 
| 49 | 9663986 | 9.946671 | 9.722315 10.277687 11 | 
{ Fo | 9.669225 | 9.946604 | [9.722621 | 10.277379 | 10 | 


3 — 
wa |* 
— 


—__ 


Fi [9.669464 9.546737 9.722927 | 10.277073 | 9. 
| 52 |9-669703 |9.946471| 9.723232 10.276763 | 8 

| 53 |9-669942 | 9.946404 | [9.723538 | 10.276462 | 7 
54 |9-670181 | 9.946337| 9.723843 10.276156 6 
| 56 9.670657 9.946203 [9.724454 |10.275546 | 4 

| 57 [9670896 9.946136 [9.724759 10277240 3 

| 58 [9.671134 [9.946069] |9.72506F | 10.274935 | 2 

| 59 9.671372 [9.946002 | [9.725369 | 10.274630 | 1 

| 60 9.671609 9.945935 9.725074. 10.224326 0 
| | 0 | Sine 1 5 ; | 1 Tangent M | 
5 Degree 62. | 


114 


S ON . = 


10 


Sine 


— ß j ͤEp 


9.671609 


9.671847 
9.672084 
9.672321 
9.672578 
9.672795 
9.673032 
9.673268 
9.673505 
9.573741 
9.673977 
9.074213 
9.674448 
9.674684 
9.674919 


9.675154. 


9.675389 


9.675623 


9.677859 
9.676094 


926325 
9.676562 


9.676756 
9.677030 
9.677264 


9.677407 
9.077731 
9.677964 
9.678197 


9.678430 


9.678663 


| 


| 


| 
« 


— — — 


9:945935 
9.94.5869 
9.94. 5300 
9.945733 
9.94.5666 


9.945598 


9.945731 


9.945463 


9.945396 
9.945328 
9.945261 


| 9-94 5193 


9.945125 
9.945058 


9.944990 
9.944922 | 


9.944554 
9.944786 
9.944718 
9.9446 fc 
9.944582 
9.944514 
9.944446 
9.944377 
9.944309 
9.944241 


9.944172 


9:944104 


9.944016 


9.943967 
9.943868 


Sine 


| 


| 


Degree 28. 


Tangent 


22204 
9.725979 
9.726284 
9.726588 
9.726892 


9.727197 


9.727501 
9.727805 
9.728109 
9.728412 
9.728716 


9.729020 


9.729223 
9.729626 


9.729929 | 
| 10.269767 


[9.730535 


9.730838 


9.731141 
9.731443 
9231746 
9.732048 


9.732351 
9.732653 
9.732955 
9.733257 
9.733578 
9.733860 


9.734162 


9.734463 
9:734764 


10.274326 
10.274021 
10.273816 
10.273412 
10.273107 
10.272803 


10.272499 


10.271891 
10.271587 
10.271284 
10. 270980 
10.270677 


10.270374 
10. 270070 


10. 26946 

— 
10.268859 
10.268559 
10.268254 


10.267952 
10.267649 


22 —— 


10.267045 
10.266743 
10.266441 
10.2661 40 
10.265838 


10.265537 
10.265236 


10.272195 


10.267347 


Tangent | 


» 


— 


P . * . 
* 1 COW Ü— 6 SE 
* 6 > — 2 E 
. . ” . ”. 2 _ 


E 


Degree 61. 


Degree 28. 


5 | 99388 


9.943330 
9.943761 


9.943692 


9.943624 
9.94355F 
9.94.34.36 
9.943417" 


9.943279 
9.94.3210 
9943141 
9.943072 
9.943003 
9.942933 
9042504 
9.942795 
9.942725 
9.942656 
9.942587 
9.942517 
9.942448 
9.942378 
9.942308 


9.942239 | 


9.942169 


9.942099 | 


9.942029 


| 9-941959 


9.941889 


Sine 


| 


9.943348 


9.941819 


9.737471 


9.738071 


| 


Tangent 


9.734764, 
9.735666 


9.735362 a 
9.735668 
9.735963 
9.736269 


9.736570 
9.736870 
9.737171 


9.737771 


9.738371 


9.738671 
9.738971 
9.739271 


9.739770 


9.739370 


| 9.740169 


9.740463 
9.749767 
9.741066 


| 9.741365 


9.741664 
9.741962 
9742361 
9.742559 
9.742358 


| 9.743156 


9.743454 
9.743751 


10.267236 


10.264934 
10.264633 
10.264332 
10.264031 
10.263731 
10. 263430 
10.263120 
10.262829 


10.262529 
10.262229 


10.261929 
10.261629 
10.261329 
10.261029 
10.260729 
10.260430 
10.260130 
10.279831 
10.259532 


10.279233 


10.258934 
10.258635 


10.258336 


10.258038 


10.207739 


10.257441 
10.257142 


10.256844 


10.256546 
10.2 96248 


Tangent 


12 


— 


Degree 61. 


1 2 lo = 0 vo | AN 0 | 0 = 


—— - 


— — a 5 — — — = — 
—— — - — 
1 < = 
<A ron. — P EI — . 7 WEIR — LO — = - 
= de fo BY r 2 —_ e 
2 — — % 2 — op ens — — — — —— — — - - 
— . - Y * "0 — 
- — — — _ A — 1 = wad — — 
— — — * — — Lens, — > 
Q —— - : 
5 6 a aden * 5 SEEN. a 2 * ——_—_— 
9 1 
4 y 4 7 0 10 * CGG 2 
* oY - "FI ens hh x as \ We. 1 3 
. — 


Degree 29. 


S e | 


110 


Sine 


9 
9.635799 
0.636027 
Sg #4 
9.636432 
9.636709 


9.690323 
9.690548 
9.690772 
9.690996 
9.691220 

691444 
Gn 668 
9.691892 
9.692115 
9.692339 


105 


9.941819 
9.941749 | 


9.941679 
9.941609 
9.941539 


9.941468 


9.941398 


9.941328 
9.941277 


0.941187 


9.941116 | 


9.941046 


9.940975 
9. 4 0 
0.940334 


9.140763 


| 9-940693 
9.940622 | 
9.940FFl | 
9.940480 


9.940409 
9.940338 


9.940267 


9.940196 
9.940125 
9.940053 


9.939982 
9.939911 


9.939840 
9.939768 


9.939697 


[un +. 


OR 


Tangent 


9:743752 
9.744950 


9.744348 


9.744645 
9.744943 
9.745249 


9.745538 


9.745335 


9.746132 
9.746429 


9.747023 


9.747319 


9.747616 
9.747912 


2245209 
9.748 f05 


9.748801 


9.749097 


9.749393 
9.749639 


9.749985 


9.750281 


| 9.750576 


9.750872 
9.751167 


9.751462 


9.751777 
9.752052 
9.752347 


| 9.7 $2642 


b 


10455245 


10.255950 
10.255652 


10.255355 


10.254462 
10.254165 
10.253868 
10.273571 
10.253274 
10.252977 
10.252680 
10.252384 


10.252087 


10.251791 


10.251495 


10.251199 
10. 250902 


102250607 


10.250311 
10.250015 
10.249719 
10.249424 
10.249128 
10.248833 
10.248538 
10.248243 
10.247948 
10.247673 
10.247358 


Tangent [ 


10.257077 
10.274760 | 


Degree 60. 


r. ³˙¹ Coe tar Fw Oi is ii od So 


Degree 29. 


Sine 


9.692339 
9.692562 
9.692785 
9.693008 
9.693231 
9-693453 


9.693676 


9.693398 
9.694.120 


9.094342 


9.698979 19:937531 | 


% 
\ 


co. 


9.939697 
9.939625 
9.939554 


9.939432 


9.939410 
9939339 


9.939267 


9.939197 


9.939123 


9.939071 


9.938980 
9.933908 


9.938835 


9.938763 


9.938691 
9.935619 | 


9.933547 


9.938475 
9.938402 


9.938330 
2419938277 
9.938187 
9.938112 


9.938040 
9.937907 
9.937895 


9.937322 | 


9.937749 
9.937676 
9.937603 


Sine 


1 


Tangent | 


9.752042 
9.752937 
9.753231 
9.753526 
9.753320 
9.754409 
9.754703 
9.754997 
9.755291. 


[2255584 


9.755878 
9.756172 


9.756465 


9.756759 


| 9:757052 


19757345 
9.757638 


9.757931 


49.758224 
e: 


9.758810 
9.759102 


19.759397 


9.759687 
229979 
9.760271 
9.760564. 
9.760856 
9.761147 
9.76 1439 


— — — 


10.247358 
10.247063 
10.246769 
10.246474 
10.246180 


10.247885 


10.245297 
10.245003 


10. 244709 


10.244415 
10.244122 
10.243828 


10.243535 
10.243241 
10.242948 


10. 242655 
10.242362 
10.242069 
10.241776 
10.241483 


10.241190 
10. 240898 


10.240021 


10.239436 
10.239144 


10.238,61 


Tangent 


10.245591 


10. 240607 
10.240313 


10.239728 


10.238852 


101 


| Z lo = wwala O wol 


Degree 60. 


— 


Degree 30. 


TY 6 * „ 2 — - 


M | Sine | Tangent THe 
© | 9.698970|9.937531 | ,9:761439| 10.235561 | 6 
i | 9.659189] 9.937458 | 9.761731 10.238269 | 55 
2 9.699 07 | 9:937335 | 9.762023 10.237977 | 53 
3 | 9.695626] 9.937312 | 9.762314 10.237686 5 
4 | 9.699844 [9.937233 | |9-762606| 10.237394 | 56 
5 | 9.700062 [9.937165 | | 9:762897 | 10.237103 | 55 
6 | 9.70023019.937092 | | 9.763188 | 10.236812 | 64 
7 | 9.700498 [9.937019 | 9.763479 10.236521 | 53 
8 | 9.700716(9.936045 | 9.763770 10.236230 | 52 
9 | 9.700933|9.93637z | | 9164061 | 10.235939 | 51 
10| 9.701151[9.936799 | |9-764352| 10.235643 | fo 
11 | 9.701568[9-936725 |. 9.764643 10.235317 49 
129.7015785 9.936652 9.764933 10.235067 48 
13 9.701802 9.936078 | 9-765224 | 10.234776 47 
14 | 9.702019 9.936 9.765514 10.234436 | 46 
15 | 9-70223619-936431 9267807 10.234195 | 45 
16 | 9.702452 9.936357] | 9-7660gy 10.233905 44 
17 | 9.702669 | 9.936284. 9.766385 10.233615 43 
13 | 9.702885 9.936210 9.766675 10.233325 42 
19 9.703101 9.936136 9.766965 10.233035 | 41 
20 2.283317 9836852 [9.767255 19.222247 40 
21 | 9.703533 09.935988 | 9.767545 10. 2324/0 | 39 

22 | 9.703748|9.935914. 9.767834. 10.2321 

23 | 9.703964 9.935840 | 9.768124 | 10.231876 37 

24 | 9.704179 9.935766 | 9.768413| 10.231587 

25 | 9-704395|9:935692 | | 9.768703 | 10.231297 | 35 

26 | 9.704610|9.935618 | | 9.768992 | 10.231008 | 34 

27 | 9.704820] 9.935543 | | 9-769281 | 10.230719 | 33 

28 9. 705040 9.935469 | : | 9.769570 | 10.230430 | 32 

29 | 9.705254 [9.935395 | 9.769859 10.230141 | 31 

30 | 9-705 46919935320 | |9-770148| 10229852 | 30 
| | Sine . | | Tangent | M- 


Degree 59. N 


, 


al. 


777 ⁵ũu. -! 8 


1349.706327 9.935022 9.771303 10.228696 26 
135 | 9-706539| 9-934943 | 9.771592 19228408 27 
36 9.706753 9.934873 10.228120 24. 
37, 9.706967 9.934798 | 9.772163 | 10.227832 23 
33 9.707180 9.934723] | 9.772456 | 10.227743 22 
39 | 9:707393 9.934640 | 9.772745 | 10.227275 | 21 
40 | 9.707606 | 9.934574 9.773033 10.226967 20 
41 | 9-707819 9.934499 | 9.773321 | 10.226679 | 19 
42 | 9.708032 | 9.934424| | 9.773603 | 10.226391 | 18 
1439.708245 | 9:9343491 9.773896 10.226104 | 17 
1449.708457 9.934274 | 9.774184 | 10.225816 | 16 
| [45 | 9:708679 34% | 9.774471 | 10:225529 [15 
14 
13 
12 
11 
10 
9 


4 — een — | 
*þ egfrtee 6 1 
JJ 15. rf p-00 a 1 
„ 1 1 
ee [9:935320 | 9.77140 87 | 30 | 14 
31 | 9.705683 | 9.935246 | | 9.770437 10. 229763 29 | 1 
1329.707897 9.935171] 9.770726 10.229274 283 1 
1 33 | 9-706112| 9.935097 | | 9.771015 | 10.258985 27 | [| 


\© 
I 
I 
— 

YO 
2 
2 


— 


46 9.208882 9.934123] 9.747% 10.225241 14 
479.7099 9.93448 | 9.775046 10. 224954 
43 | 9.709306 | 9.933973 | 9.775333 | 10.224566 
49 | 9.709518 9.933897 | 9.775621 | 10.224379 
Fo | 9:70973019:933922 | | 9-775908 1 10.2409 
51 | 9-709941 | 9-933747 | | 9.776195 10.223805 
52 | 9.710153 9.933671 | | 9.776482 | 10.223518 
53 | 9-719364 | 9:933596| | 9.776768 | 10.223232 
54 | 9-710575 9.933720 | 9.777055 | 10.222947 
FF | 9710786 | 9-933444 | | 9:777342 10222675 
56 | 9.710997 | 9-933369| | 9.777623 | 10.222372 | 
I | 57 | 9-711208 9.933293 [9.777915 10.222085 
J | 58 | 9-71:418 9.933217 | 9.778201 | 10.221799 
I | 59 | 9-7116291 9.933141 | | 9.778437 10.221513 
Ii: 9.711839 9.933066 9.775774 10.221226 


— 


Sine ket Tangent : 


'S 852 8 > {#4 AN © 


Degree 59. 


_— 1 


— 


Degree 31 


Sine 


| 9.711339 
9.712049 
9.712259 
9.712469 
9.712679 
9.712889 
9.713098 
9.713308 
9.713517 
9.713726 
9.713935 


© n Se o S 


IO 


9:714977 
9.715186 
9.715394 
| 9.715601 
9.715809 
9.716017 
9.716224. 
| 9.716431 

9.716639 
9.716846 
9.717259 
9.717466 
9.717672 
9.717879 
9.718085 


9.932990 
9.932914 
9.932838 
9.932761 
9.932635 
9.932609 
9.932533 
9.932457 
9.932380 
9.932304. 
9.932227 
9.932151 
9.932074 


9.931847 
9.931768 
9.931691 
9.931614 
9-931537 


9.931460 
9.931383 
9.931306. 
9.931229 
2 
9.931075 
9.930998 
9930900 
9.93084 

9.930766 


9.931998 | 
9.931921 


Sine 


| 


9.779060 


| 9.780775 


„ A. 


9.781631 
| 9.781916 


9.782430 


Tangent | | 


— — — 


9.778774 


9.779346 
9.779632 
9.779918 
9.780203 


9.780439 


9.781060 
9.731346 


9.782202 


9.732771 
9.783056 
9.783341 

9.733626 
9.783910 
9.734479 


10.221 226 


10. 220940 


10.220654 


10.220368 


10.220082 
10.219795 


10.219511 


10.219225 


10. 218940 


10.218654 


10.218369 


10.218084 
10.217799 
19.217514 
10.217229 
10.216944 
10.216659 
10.216374 


10.216090 


10.215805 


10.215236 
10.214952 
10.214668 
10.214384 
10.214099 


10.213816 
10.213532 


10.213248 


10.212964 


10.212681 


Ces 


—s 


Degree 58. 


„ 8 it. 


—__—— — 


Degree 31. 


9. 9.713291 
9.713497 
9.718703 
9.713909 
9.719114 


9.719320 


9.719525 


9.719730 


9.719935 
9.720149 


| 9720345 


9.720549 
9.720754 
9.720958 
9.721162 


| 9.721366 


1 9.721570 


9.721774 
9.721978 
9.722181 


9.722385 


9.722588 


9.722791 


9.722994 


9.723197 


9723400 
9.723603 


9.723805 


9.724007 
9. 724210 


DK 9.930766 


9. 930688 
9.930611 
9.930533 


9.930375 


9.930300 | 


9.930223 
9.930147 
9.930067 
9.929989 


9.929911 
9.929833 
9929775 
9.929677 


9.929599 


9.929364 
9.929286 
9.929207 
9.929129 
9.929050 
9.928972 


9.923814 


9.928736 
9.923657 
9.923578 
9.923499 
9.928420 


Zine 


9.929521 
9.919442 


| 


9.9304 56 


9.928893 


Tangent 


9. 9.7373 7319 
9.787603 
9.787886 
9.788170 
9.788453 
9.788736 
9. 78901 9 
9. 282785 
9.739535 
9.789868 
9.7901 TT 


9. 790433 
9.750716 
9.790999 
9.790281 


9.791563 


9.791846 


9.792128 
9.792410 
9.792692 
9.792974 


9.793256 


9.793738 
9.793819 
9.794101 


9.294383 


9.794664 


9.794945 
9.795227 
9.795508 


Tur 
. 


8 


— — SS Wert 
10.212681 


10.212397 


10.212114 
10.211830 
10.211547 
10.211264 
10. 210981 
10. 2 10698 
10.210415 
10.210132 
10. 209849 


10.209566 
10. 209284 
10. 209001 
10.208719 
10.208436 


10. 10.2081 f 54 
10.207872 
Io. 207590 
10.207308 
10.207024 


10.2067 
10.206402 
10. 206180 
10. 205899 
10. 200012 
10˙205336 
10. 205054 
10.204773 


2.295789 19. 19-204211 


10.204492 


Tangent 


10 


=y 
9 — ed 


Ds of 


1 S : „ ON coo | 


_ 


Degree 32. 


Sacra ww... 


TO. 


Py 


Lok 


— —́—r— 


9.724210 


9.724412 


9.724614 


9.724816 


9.725017 
9.725219 
9.725420 
9.725622 
9.725823 
9.726024 
9.726225 
9.726426 


9.726626 


9.726827 
9.727027 
9.727228 
9.727428 
9.727628 
9.727828 
9.728027 


9.728227 


9.728427 
9.728626 
9.728825 
9.729024 


9.729223 


9.729422 
9.729621 
9.729820 
9.730018 
9.730216 


9.923925 


9.923341 
9.923262 


9.928183 


9.928 104 
9.928025 


9.927946 


9.927367 


9.937737 | 


9.927708 


9.527628 | 


9.927,549 
9.927469 


9.927390 | 


9.927310 


9.927231 | 


9.927151 
9.927071 


9.926991 | 
9.926911 
9.926831 


9.926751 


9.926641 | 
9.926591 | 
9.926511 


9.926431 


9.926351 


9.926270 
9.926190 
9.926110 


9.926029 


Sine 


| 


| 


| 


Tangent | 


9.795789 


9.796070 
9.796351 
9.796632 
9.706913 
9.797194 


9.797474 
9.797755 
9.798036 
9.798316 


9.798 596 


9.798877 
9.799157 
9.799437 
9.799717 


9.802792 
9.803072 
9.80331 


9.803630 
9.803908 


9.304187 


— 


10.203930 
10. 203649 


10. 203368 


10.203087 


10.202806 


10. 202522 
10.202245 
10.201964 


10.201684 


10. 201404 
10.201123 


10. 200843 
10. 200563 


10. 200283 


10. 200003 


10.199723 
10.199443 
6110.199163 
6110.198884 


10.198604 
10.198325 
10. 198045 
10.197766 


10.197487 


10.197207 
10.196928 
10.196649 
10.196370 
10.196091 
1—:t 99812 


N Tangent 


10.204211 


Degree 57. 


nts. th th _—_— A. ada ** 


rene e e 
FTT JJC 
PS 1 = * ** ER 52 - - . 


EF I IS or TR a= 
132 . 7 5 


Degree 32. 


— 


1 


Sine | [Tſe | 
9.730216 9.926029 9.804187 10.195 313 20 
9.730415 9.927949] | 9.504466|10.195534 | 25 
9.730613 [9.925363 | 9.804745 10.195255 28 
9.730811 9.927787 | 9.805023} 10.194977 27 
9.731009 |9.925707 | | 9.805302 | 10.194698 | 26 
9.731206 |9:925626 | | 93055801 10944027 
9.731404 |9-925545 | | 9.805359] 10.194141 24 
9.731601 |9.925464 | | 9.806137 | 10.193863 2 
9.731799 9.925384 9.806415 [10.193585 22 
9.731996 9.927 3039.806693 10.193309 21 
9.732193 9.92222 9.306971 10.193023 | 20 
9.732390 | 9.925141 | | 9.807249] 10.192751 | 19 
9.732537 9.92060 19.307527|10.192433] 18 
| 9.732784 9.924978 | 9.807805 10.192197 | 17 
9.732980 9.924897 9.808083 10.191917 16 
| 9733077 [9.924816 | eee eee 
9.733373 |9-924735 | |9-308638| 10.191362| 14 
9.733569 [9.924653 | | 9.308916|10.191084 | 13] 
9.733765 [9.924572 | 9.809193 1.19087 12 
9.733961 9.924491] | 9.309471 |10.190529|rx| 
9:734157 2244 | 9:899745|19-199252 10 
9.734353 | 9-924323| |9.310025|10.139975| g 
9.734548 9.924246] | 9.310302 10.189697 8 
| 9.734744. | 9.924164 | [9.8 10580 10.189420 7. 
54 | 9.734939 |9-924933| 9.810857 1.189143 6 
L | 9-735134 [9.924001 | |9.311134[10.133866| f 
56 9.735330 [9.923919] |9.311410|10.133589] 4 
19.735725 9.923837 | 9.311687|10.155313] 3 
58 | 9.735719 [9.923755 9.811964 10.188036 2 
| 9.735914 [9.923673 9.812241|10.137759] 1 
eee 
„5 | Tangent | N 


7 


Degree 57. 


KR K 


„„ e ee 


_ 4 


"a. MM 


:" Degree z; 


— 


| Sine : 


9736109 
9.736309 
9.736497 
9.736692 
9.736386 
9737080 


| 9.737274 
9.737467 


9.737854 
9.735045 
9.735241 
9.738434 
9.738627 
9.738820 
9.739013 
9.739205 
9.739399 
9.739590 
9.739753 
9.739975 
9.740167 
9.740359 

9.74050 
4] 9.740742 
9.749934 

9.741125 
9.741316 
| 9.741507 
9.741698 
9.741889 


| © 00 AAo 


—— ems A 


9.023F91 


9.923509 | 


0.923427 
9.923345 


9.923263 


9923180 
9.923098 
9.923016 
9.922933 
9.922851 
ted 
9.922686 
9.922603 
9.922520 
| 9.922438 
9.922307 
9.922272 
9.922189 
9.922106 
9.922023 
9.921940 
9.921357 
9.921774 
9.921691 
9.921607 


9.921724 


9.921441 
9.921357 
9.921274 


9.921190 


9.921107 


Sine 


9.812517: 
9.812794 


9.813070 
9.813247 
9.813623 
0.313399 


9.314175 


9.814452 | 
9.814728 


9.315004. 
9.315279 


5 . 


— 


10.1 $7483 
10.187206 
10.186930 
10.186653 
10.186377 


10.186101 


10.185824 
10.187548 
10.185272 
10.184996 


10.184720 


10.184445 
10.184169 
10.183893 
10.183617 
10.183342 


10.183066 44 
10.182791 
10.182516 
10.182240 


10.18 1967 
10.181690 
10.181415 


10.181140 


10. 180867 
10. 18079 


10.180315 


10. 180041 
10.179766 
10.179492 
10.179217 


Tangent 


Degree 56. 


W | Deze 33. 
FF M. Sine | 1 | Tangent 
FH |30 9.741889 | 9.921107 | [9.820783 10.179217 


| 31 | 9.742080 | 9.921023 | | 9.821057] 10.178943 | 29 ? 
J | 32 | 9742271 |9-920939| 9.821332 10.178668 28 | | 

-] | 33 | 9-742461 | 9-920355| | 9.321606] 10.178394 27 | 1 
I 34 9.742652 9.920772 | 9.821880| 10.178120 26 "3 
1379.742842 9.920638 9.322154 10.177846 25 
1 36 | 9.743032 | 9.920604 | | 9.822429 | 10.177571 | 24. 
1379.743223 9.9 20520 9.822703 10.177297 23 | 
1389.743472 9.920436 | 9.822977 10.177023 22 

1399.743602 9.920372 9.823250 10.176739 21 

'1 | 42 9.743792 9.920263 [9.823724 10.176476 20 


41 9.743982 | 9.920194 | | 9.823798 10.176202 19 | 
42 | 9.744171 |9-920099| | 9.324072 |10.175023 | 18 


— —— 


43 9.744361 9.920015] [9.824345 10.175655 | 17 
| 44 | 9.744550 19.91993114 | 9.824619]10.175381 | 16 
1 9.244739 9.919846 | 9.824892 | 10.175103 1 
14695744928 9.919762 9.825166 10.174834 14 
5 47 9.745117 9.919677 19827439 10.174760 13 
43 9.745306 9.919793 | 9.325713 | 10174257 
49 9.745404 9.919708] 9.829986 10.174014 
50 9.745633 9.919424 | 9.826259 10.173741 10 


+> 
W 


— 
—— 


51 [9.745371 9.919339] | 9.326532 10.173468 9 
1729.746059 9.919274] 9.826307 10.173198 
J 539746243 9.919169] 9.827078 10.172022 7 
1549.746436 9.919084] 9.327351 10.152640 6 
128624 9918992. [9.827624 [10.172376| 4 
8 56 | 9.746311 9.918915] 9.327897 10.172103 4 [| 
JT | 57 | 9.545299 [9.913830 | 9.828170 10.171830 3 | 
| 58 [4.747187 | 9.918744 | - [9.328442 [19.171f5FS | 2 [1 
$9 | 9.947374 9.913659 | [9.828715 [10.171235 | 1 I 
60 9.747562 9.913574. 9.325987 10.121012] © 0 
$I E Sine | | Tangent IM 


Degree 56. 
r 


Degree 34. 


aam welol'® | 


OO O 


— —Ü— 


— 


Sine 


9.747562 


9.747749 
9.747936 
9.743123 
9.745310 
9.743497 
9.743633 
9.745370 
9.745056 
9.749242 
9.749429 
9.745615 
9.749801 
9.749986 
9.790172 


9.0375 


| 9.750543 


9.750729 
9.750914: 


9.751099 


6.751284 


| 9.751469 


9.751654 
9.751838 
9.752023 
9.752207 
9.752392 
9.752576 
9.752760 
9.752944. 
9.753125 


9.913574 
9.918489 
9.918404 
9.918318 
9.918233 
28142 
9.918062 
9.917975 
9.917891 
9.917805 
9.917719 
9.917634 
9.917543 


9.917462 | 


9.917376 
9.917290 


9.917204 
9.917118 
9.917032 
9.916945 
9.916319 


9.916773 


9.916636 
9.916600 
9.916514 
9.916427 


9.916340 
9.916254 


9.916167 
9.916080 


9.915994 


Sine 


| * 


Tangent 


9.531787 


9.832253 
9.332525 
9.332756 


49.833068 
9.833339 


9.833621 
9.833882 
9.334154. 


| 


10.1 


— 


10.171012 


10.170740 


10.170468 


10.170197 


10.169923 
1 


— — —  — — 


10.169379 


10.169156 


10.168834 
10.168563 


10.168291 
10.168019 


10.167747 
10.167475 


10.167204 


10.166932 
10. 166660 
10.166389 
10.165118 


10. 165846 
10.167777 


10.165304 
10.165033 


10.164762 


10.164491 


10.163678 


[0.163407 
| 10.163136- 
I 34. 10.162866 


Tangent 


9.83780 10.164220 
10.163949 


ad 


kat. tit. Ait..< 


Degree 55. 


NE OT rn ls 54) 


* 


Degree 34. 


6:4. — ' * ow 4 w * 
2 ED 9 FU — 


Pry * A at Py 1 


Sine Tangent | 
9.753128 |9:915994| | 9.537134 | 10.162366 
9.753312 9.91597 | 9.337455 | 10.162595 
9.753495 | 9-915320] | 9.337675 | 10.162325 
9.753679 | 9-915733| [9.837946 10.162054 
9.753362 | 9-915646| | 9.333215 | 10.161784 | 26 
9.754946 | 9:915559| | 9.333437 | 10.161513 | 27 
9774229 9.915472 | 9.338757 | 10.161243 
9.554412 | 9.915385 | |9.3390z7 10.169973 
9.754595 9.915297 9.339297 10.160702 
9.754778 9.915210] [9.839568 | 10.160432 
9.754960 | 9-915123| [9339335 j10.160162 
9.755143 9.915035 9.540108 10.159892 
9.795325 9.914948 | 9.840378 10.159622 
9.755708 9.914860 9.340647 10.159352 
9.775690 9.914773 9.840917 10.159083 
9.27872 9.914687 2 1.178813 
9.756054 9.914597 9.841457 10.158543 
9.756236 9.914510 [9.841726 10.158273 
9.756418 9.914422 9.841996 10.1 58004. | 
9.756600 | 9-914334 | 9.842206 10.157734 
9.756781 |9-914246 | 9.842705 | 10.157465 
9.756963 | 9.914158 | [9342904 | 10.157195 
9.757144 | 9.914070 9.843074 |.10.156926 
9.757316 |9.913982 | 9.343343 1.156657 
9 757507 | 9.913894 | 9.843612 1.156387 
9.757688 9.913806 9.843882 10.1 961138 
9.757369 9.913718 [9.844151 (10.155899 
9.758049 9.913630 | 9.344420 10. 15580 
9.758230 9.913541 | 9.344639 10.155311 | 
9.753411 [9.913453 | 9.844978 10.177041 
9.753591 9.913361 9.340227 | 10-154773 
Sine | [ n Tangent NM 
Degree 55. 


„ 


— I IEEE 


© — 9 2 aN oo | 5 * 


tt 


KK 3 


—— 
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| Degree 35. 


\© OJ 2 — | 


IO 


4 


21 
22 
4 23 
24 


Sine 


9.753591 
9.753772|9 
9.778952 
9.759132 
9.759312 
9.759492 
9.755672 
9.759951 
9.760031 
9.760210 


9.760569 
9.760748 
9.760927 
9.7611c6 


9.761464 
9.761642 
9.761821 
9. 761999 

9.621772 
| 9.768456 
9.762534 
9.752712 
9.762889 


9.763067 


* 9763245 


9:76 3422 


9.763599 9. 


| 9.763777 
9.763 793954 


9. 9.760350 


9.761285 


9.913364 
9.91 3276 


9.913010 
9.912921 


9.912333 


9.912655 
9.912566 


9.912388 
9.912299 
9.912210 
9.912121 


9.911942 
9.911853 
9.911763 
9.911674 

9.911584 


9.911405 
9.911315 


9.911046 


5 -910956 
910866 


9.910776 


Sine 


+. 
9.913157 


9.913099 


9.912744 


9.912477 


9.912031 


9.911226 


9.911136 


9.910686 


— — 


9.911495 


9.847496 
9. 245704. 
9.846033 
9.846302 


* 


Dy 9.346: 2 


9.346339 
9.847107 
9. 247376 
9.847644 
9.347913 


9.348717 
9. N 
9.349254 
9. 9849522 
9.849789 


ä 


* 


9. 11577 


9.350325 
9.350593 
9. 2 
9.851128 
9.851396 
9.851664 
9.351931 
9.872199 
9.8 52466 
9. 

9. 


17223. 
9.85 853268 


853001 


. 


9.848 181 
9.549449 


Tangent 


98777 18177574 
10.154504. 


10.154235 


10.153967 


10.153698 
10.153429 
10. 5 
10.152892 
10.152 20 
10. 15235 
10.172087 
10.151819 


10.151551 
10.151283 


10.151015 
10.170746 


10.150478 
10.150214 


10.149243 
10.149675 


19.149407 


10.1491 39 


10.148872 


10. 14860 
10. 1 


10.148069 


10. 10.147801 


10. 14774 


10.147267 


10.146999 
10.146732 


Tangent 


Degree _ 


— . 
— 


t 
* 
1 
5 
we 
* 
. 
2 
* 
5. 
* 
. 
2 
I 
2 
3 
5 
5 
„ 
© 
+ 
Es: 
8 
. 
* 
þ 
. 
* 


Degree 35. 


Sine 


9.763954 


9.910636 


9.764131 
9.764308 
9.764487 
9.764662 
ad kb 


9.767015 
9.765191 
9.765367 
9.765544 
9.765720 
9.765896 
9.766071 
9.766247 
9.766423 


9.766 998 


9766774 
9.766949 
9.767124 


49 | 9.767299 


9.910596 
9.910506 
9.910415 
9.910325 
9.910235 


— —_— 


9.910144 


9.910054 X 


9.909963 


9.909873 


9.909732 


9.909691 | 


9.909601 
9.909510 
9.909419 


9.909237 


9.909146 


9.267474 9. 


9.767649 
9.767824 
9.267997 
9.768173 
9.768 348 
9.768 522 
9.768696 
9.768871 
9.7695 
9.769219 


9.903690 


9.908324 


9.908233 
9.908141 


9.903049 
222. 


I Sine 


Tangent 


9.353532 
9.853802 
9.354069 


| 9.354603 


9.854870 
9.855137 
9.877404 


9.355937 


9.909328 = 


„ — 


10.146732 


10.146465 
10.146198 


10.145930 
6610.145664 


10.147307 2 


10.145130 
10.144863 
10.144596 
10.144329 
10.144063 
10.143796 
10.143529 
10.143263 
10.142996 
10.142730 
10.142463 


10.142197 
10.141931 


10.141664 
10.141 298 | 
10.141132 


10.140866 


10. 140600 
19.140334 


10.140068 


10.139802 
10.139736 
10.139270 
10.139005 
10.138739 


| Tangent 


Degree 54. 


— 


KEA 


= [O- OE weld 5 5 ＋ A Be 88 


—— 


( 


1 


Degree 53. ; 


Degree 36. | 
iM | Sine Tangent 8 
E 9.769219 9.907958 9.861261 10.133739 6o 
1 | 9.769392 [9.507866 | 9.861727 10.138473 59 
2 | 9.769566 [9.907774 | | 9361792 | 19-135208 | 58 
39.759740 | 9.907682 | | 9.862055 | 10-137942 | F7 
4 | 9.569913 [9.907590 | | 9.862323 10.137677 56 | 
_S | 9-770087 9.992498 | 9:362589 | 10137411 | FF 
6 | 9.770260 [9.907406 | | 9.862354 10.137146 54 
7 | 9.770433 9.907314] | 9.363119 | 10.136880 $3 
$ | 9.770606 [9.907221 | | 9.363335 10.136615 F2 
i 9 | 9.770779 [9.907129 | | 9.363650 10.136370 571 
4 10 | 9.770952 [9.907037 9.363915 10.1 36085 ſO 
11 | 9.771125 [9.506945 | 9.864180 10.1358z0|[49 | 
12 | 9.771203 9.9068 52 9.364445 10.135774 43 
13 | 9.771470 9.906760 | 9.864710 10. 13528947 
14 | 9.771643 | 9.906667 | | 9.364975 | 19.135024 | 46. 
15 | 9.771915 [9.506574 | | 9.865240 |19:134759 | 45 
16 | 9.771987 [9.906482 | 9.867505 10.134490 44 
17 | 9.772159 9.906389 | 9.365770 10. 13423043 
18 | 9.772331 9.906296 9.866035 10.133967 42 
19 | 9.772503 9.906203 | 9.366300 | 10.133700 [41 
20 9.772675 | 9.9061 11 9.366764 10.133436 40 
21 9.772847 9.905018 9.866829 10.133171 | 39 | 
22 | 9.773018 | 9.905925 | | 9.867094 10.132906 38 
23 9.773190 9.905832 | 9.867358 |10.132642 | 37 
| 24 | 9.77336; 9.905738 | 9.367623 |10.132377 26 
2223023 |9:905645 | | 9.367887 | 10-132113135 
26 | 9.773704 [9.905552 | | 9.363152 |10.131848 | 34 | 
27 | 9.773375 \9.905459 | 9.863416 10.131534 [33 | 
23 | 9.774046 9.905365 | 9.363680 [10.131320| 32 
29 | 9.774217 [9.905292 | 9.868945 10.13 105531 
| 30 9.774.388 (9.90F179 9.369209 |10.130791 | 30 
1 . Sine Tangent M 


1 — 


= 7 8 arr 
Degree 36. | 
M Sine Tangent | | | 
30 [9:774333| 9995179 | | 9.369209 | 10.130791 [30 
31 | 9.774553 | 9.905035 | | 9.364773 | 10.130527 | 29 
32 | 9.774729 | 9.904992 | 9.867337 10.130263 | 23 
33 | 9.774399 | 9.904398] | 9.370001 10.129999 27 
34 | 9-775070 | 9.904304 | | 9.370265 10.129735 26 
37 |9:775240 | 9904711 | 19:570529 | 10-129471 [25 | 
36 | 9.775410 | 9.904617 | | 9.370793 | 10.129207 | 24 
37 | 9775530 | 9.904523| | 9.571057 þ 10.123943 | 23 
33 9.775770 9.904429] | 9.371321 | 10.123679 | 22 
39 | 9-775920 | 9.904.335 | 9.871585 10.128415 | 21 
| 4 [9776050 | 9.994241 | 9.871349 1.128171 [20 
41 | 9.776259 | 9.904147 | 9.372112 | 10.127888 | 19 
4s | 9.776429 | 9:904053 | | 9.372376 | 10.127624 | 18 | 
43 | 9.776598 | 9.903959 | | 9.872640 | 10.127360 | 17 
44 | 9.776768 | 9.903364 9.372903 10.127097 | 16 | 
45 | 9.776937 9.903770} | 9.373 167 10.126333 if | 
46 9.777106 9.903676 | | 9.373430 | 10.126570 14 
47 | 9.777275 | 9.903581 | | 9.373694 | 19.126306 | 13 
1 43 1 9.777444 | 9.903486 | 9-373957 10.126043 12 
49 9.777613 9.903392 | 9.874220 10.125780 11 | 
| Fo | 9.777731|9-9032983 | 9.874484 1.1216 10 
51 | 9,777950| 9.903203 | [9.874747 10.127273 9 
9.773119] 9.903103 | | 9.375010 | 10.124990| 8 
9.773287 | 9.903013} [9.575273 | 19.124727 | 7 
9.778455 | 9.902919 | | 9.875536 | 10.124464 6 
9.773623 | 9.992324 | [9.375799 | 10:12420t | F 
56 | 9.778792 | 9.902729 | | 9.876063 | 10.123937 4 
| 57 | 9-773960| 9.902634 | [9.876326 | 10.123674 | 1 
F3 | 9.779129] 9.9025 39 9.876589 | 10.123411| 2 
59 | 9.779295 | 9.902444 | 9.376851 10.123149| 1 
60 9.779463 9.902349 | 9.377114 | 10.122886 501- 
hwy dine | | | | Tangent [M 
| Degree 53. 


SG ( 


* 
OA 


| 


— 
— 


Sine 


9770463 
9.779631 
9.779798 
9.779965 
9.780133 


9.280300 


9.780467 
9.780634 
9.780801 
9.780968 
9.781134 


9.781301 


9.781467 


9.781634 


9.78180 
9.781966 


9.782132 
9.782298 
9.782464 
9.782690 
9.782796 
9.782961 
9.783127 
9.783292 
9.783457 
9.733623 


9.783788 


9.733953 
9.784118 


9.784282 


x 


9.784447 


| [ 


| 


Degree 37. 
_ 
9.902349 


9.502253 
9.902158 


9.902063 


9.901967 
9.901872 
9.901776 
9.901681 
9.901535 
9.901488 


9.90139 


9.901298 
9.901202 
9.901106 


| 9.901010 


9:500914 


9.900722 


9.900626 


9.900828 


9.900529 


9.900433 


9.900337 
9. 900240 


9.900144 
9.900047 | 


9.899971 


9.899854 
9.399757 
9.399660 
9.399563 


9.899467 
| 


— H2—— — 


Sine 


— 


Tangent 


9.577114 


— 


10.122885 


9.377377 
9.377903 


| 9.878165 


9.878428 


| 9.378691 


9.878953 
9.879216 
9.379478 
9.879741 
9.330003 


9.880265 


9.880528 
9.8 80790 
9.881052 


9.881314 


9.381576 
9.881839 
9.882101 
9.882363 
9.882625 
9.882886 
9.333143 
9.883410 
0.383672 


9.333934 


| 9.884195 


9.334457 
9.584719 


9.877640 


9.884980 


— —— 


10.122623 fe 


10.122360 


10.122097 


10.121834 
10.121572 
10.121309 
10.121047 
10.120784 
10.120522 
10.1 20259 


10.119997 4. 
10.119734 


10.119472 
10.119210 


10.118948 
10. 118686 
10.118424 
10.118161 


10.117899 
10.117637 


10.117375 
10.117114 
10.116852 
10. 116590 


10.116328 
10.116066 


10.115805 
10.115543 


10.115281 
10. 11 7020: 


— — 


Tangent 


Degree 52. 


* 4 
S - 
* - OE Eb es on ares ER. NS Ls tht 1 
2 r N F ² AAA ˙ le as hn, e n en „„ EOS 
7 + xv" r 4 e gw EDS K . 1 * 9 ö 1 ab "BY 
A 7 * 4 . 4 * C L * K 
2 . 7 1 C * N 4 — 
* . 8 wa AS 
4 1 - _ ” 8 2 £90 1 
* 
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. | _ Degree 37. 3 | 


— 


_ 
——— 
B 


nn — —__— 
— 


1 |. FLO k 
31 9.784616 9.399370 9.885242 10.114758 29 


N 
| 


bl 2 
1 
| | 
it | 
[5 


784776 9.399273 | | 9-335503| 10.114497 28 
; 1 9.734041 9.399175 9.385765 10.114235 27 
E 49.787105 9.399078 9.886026 10.113974 26 
Te 9.785269 9.398981 | 9.336238 10.113712 25 


U ——ͤ— ů— „ —— 


78 9.398334 | 9.886749 10.113451 24 
3 5 Mt 5 9.398787 | 9.336310 | 10.113190 23 
w 38 9.785761 | 9.392639 9.337072 | 10.112923 | 22 
'| | 39 |9-735925 9.898592 9.887333 10.112667 | 21 | 
| 44 9.736083 | 9.398494 | 9.337794 10.112406 20 
en eee | 


_— — — 


9.786252 9.89839) 9.387855 0.112145 115 


786416 9.898299 9.388116 10.111884 
3 e 9.398201 9.888377 10.111623 17 
43 9.736742 | 9.898 104 9.888638 10.111362 | 16 
Is 9.786909 9.898006 | 9.883899 | 10.111101 | IF 


—— — 


2 

! 

þ IE Ga ns” oh * 

c 0555060 | 9.897908 | 9.889160 10.110340 | 14 | 
= - 3833 . 9.389421 10.110579 13 
| 48 9.787396 9.897712 9.889682 10.110318 | 12 
6 


78 9.397614 | 9.839943 10. 11007 11 
ee e ee 


cr 987883 9.897418 9.390465 10.109535 | 9 
f * og 9.397320 | 9.390725 10. 1092758 
I 73 9.788208 9.897222 9.890986 10.109014 7 
= 74 9.788 370 9.897123 9.891248 10.108753 6 
57 [9.788532 2897027 2891709 |10:108493 | 5 
= 70 9.788694 | 9.396926 9.891768 10.108232 | 4 
1 | 5788856 9.896828] [9.392028 | 10.107972 | 3 
A 78 9.789018 9.396729 9.892289 |10.107711 | 2 
: 59 9.789180 9.896631 | 9.892549 10.107451 1 
6 223934 | 9.396532} |4:392810 |10.107190 | © 
TS | | ne || | Twgent 1 
1 — 5% 


| i 
3 — 3 
| Degree 38. 
| M | sine | | Tangent | | 
. only by 12 
o | 9:73934219-396f32 | | 9.392310 |10.107190 | 60 
1 | £.7895044 9.396433 | | 9.593070 |10.106930 | 59 
2 | 9.785665 9.896335 9.893330 10.106669 | 58 
3 | 9-78982719.396235| | 9.393591 |10.106408 | 57 | 
4 | 9.78998319.3596137 | 9.893851 10.106149 56 
5 | 9:-79014919-395038 | | 9.394111 |10.105889 | oo | 
6 9.790310! 9.395939 9.394371 10.105628 | 4. 
| >| 9.79047119.395840| | 9.894632 |10.105368 | 53 
| 89.7906 329.8957741 9.894892 10.105108 52 
9 | 9.7997931 9.395641 | 9.89712 10.104844 51. 
10 9.79995449-395542 9.895412 10.104F88 Fo 
| 11 | 9.79111519.895443] | 9.895672 |10.104328 | 49 
12 | 9.79127519-395343] | 9.395932 10.104068 48 
13 9.79143649.395244 | | 9.396192 |10.103808 | 47 
14 | 9-79155619.395144] 1 9.396452 10.103548 46 
15 | 9:-79175619-39504FJ | 9-396712 |10.103288 45 
16 | 9.79191719-394945 | | 9.396971 |10.103028 | 44 
17 | 9.792077 9.894846 | 9.897231 10.10276d | 43 
18 9.79223719.39474 9.897491 |10.102509 | 42 
19| 9.79239719-3894646 | | 9.897751 |10.102249 | 41 
20 | 9.79255719-394546 | 9.398010 |10.101990 | 40 
| 21 | 9.79271619.894446| | 9.898270 10.101730 39 
| 22 | 9.792376{9.3894346 |. | 9.858530 |10.101470 | 38 
23 | 9-79303519.594246 | | 9.898789 |10.101211 | 37 
| 24 | 9-79319519-394146| | 9.899049 | 10.100g9y1 | 36 
25 | 9:79335449-394046 | | 9.399308 19.100592 35 | 
269.7935713 9.893946 | 9.399563 | 10.100432 | 34 
27 | 9.79367319.893845 | | 9.399827 | 10.100173 | 33 | 
28 | 9.793532 9.393745 | 9.900086 10.099913 32 
29 | 9.793991 19.389364.5 9900445 10.099654 31 
9224492323744 288505 | 10.099395 | 30 
1 | | | Sine | Tangent M 
| Degree 51. — 


— e—nd 


' 


Degree 38. | 
M | Sine : | Tangent Tangent“ 
35229449 |9:393544 | 288807 | 10.099395 30 
31 | 9:794303 | 9.393444 | 9.900864 10.0591 35 | 29 
32 | 9:794467 | 9.393343 | | 9-901124 | 10.098876 | 28 | 
33 | 9-794926 | 9.893243 | | 9.901383 | 10.098617 | 27 | 
34 | 9:794784 | 9.393142 | | 9.901643 | 10.098358 | 26 
35 | 9:794942 | 9:593041 | | 9:901901 | 10.098099 | 25 
36 | 9-795101 | 9.892940 | 9.902160 10.097839 | 24 
37 | 9-795259 | 9.392839 | 9.502419 10.097580 23 | 
38 9.795417 9.392738 9.902678 10.097321 22 | 
39 | 9795575 | 9.392637 | | 9-902937 | 10. 090706221 
40 | 2:795733 | 9892536 | | 9:903196[ 10.09630z | 20 
41 | 9-795891 | 9.592435 | 9.903475 10.096544 | 19 | 
42 | 9-796049 | 9.892334 | 9.903714 10.056285 | 18 | 
43 | 9-796206 | 9.592233 | 9.903973 10.056027 | 17 
44 | 9-756364 | 9.392132 | 9.904232 10.09576g | 16 
45 | 9:796521 | 9:392030| | 9904491 | 10.995509 | 15 
46 | 9-756678 9.891929 | 9.504750] 10.095250 | 14. 
47 9.796836 | 9.891827 | 9.90508 10.094991 | 13 
48 9.796993 | 9.891726 9.905267 | 10.0947 33 | 12 | 
| 49| 9-797150 | 9.891624 | 9.905526 10.094474 | 11 
5o| 9:797397 | 2:391522 | | 9:995784 10.09421F | 10 
51 | 97297464 9.391421 | | 9.906043] 10.093977 9 
52 | 9.797621 | 9.891319] | 9.906302| 10.093698 | 8 
53 9.797777 9.891217 | 9.906560] 10.093440 | 7 
54 | 9-797934 | 9.891115 | | 9.506819] 10.093181 | 6 
L 2288891 | 9.591013 | | 9:907077| 10.092923] F| 
56 | 9.798247 | 9.890911 | 9.907336 10.092664 | 4 | 
| 57 | 9-798403 | 9.890809| | 9.907594| 10.092406 | 3 
58 9.798 560 | 9.890707 | | 9.507852|10.092147 | 2| 
59 | 9.798716 | 9.890605 | | 9.508111 | 10.001889 1 | 
509228872 | 9.890503| | 9.508369 1.91531 % 
$ N IM 3 


| 
p 4 
— 


— N 
$4 * 
1 
= = 
if 5 
i 

22 
* : 
'T 
: 1 

Y * 
. 8 
N 
* 

' 

* 
| 
F 


4 & — ** 


Degree 39 "A 


M | Sine nent 
| 0 9.798372 9.360503 0.603369 10.091631 6⁰ 
1 | 9.799023 | 9.890400 9.908627 10.091 373 59 
29.799184 9.350298 | [9.508886 | 10.091114 | 58 
3 |9-799339 9.59019 [9.909144 | 10.090856 | 57 | | 
49.799495 9.890093 _ [9-909402 | 10.090598 560 
_F | 9-79$651 9.88990 9.909660 10.090340 f 
69.799806 9.889888 9. 90991810. 090081 54 
79.789961 |9.389785 | [9.910176 | 10.089823 353 
39.800117 [9.335632 | [9.910435 10.089567 52 
| 9 [9.500272 |9.399579 | [9.910693 | 10.089307 1 
1.30 9.300427 | 9.539476 9.9109fl -10.089049 10 
11 9.800582 9.539374 | 9.911209 j 10.038791 49 | 
12 | 9.800737 9.889271 [9.911467 | 10.038533| 48 | | 
13 9.800892 [9.389167 | [9.911724 | 10.088275 | 47 | | 


| 14 | 9.301047 | 9.889641 | 9.911982 | 10.088017 | 46 
_ | 15 |9.8012cr | 9.888961 4 hn roo 3 

1169.801356 9.388358] [9.912498 10.087502 44 
17 9.801510 9.888755] [9.912756 10. 087244443 
18 9.801665 9.888651 9.913014 10.086986 422 
19 9.801819 9.838548] [9.913271 [10.086729 41 
| 20 9.301973 9.838444 | [9.913529 | 10.086471 | 40 


— — 


21 9.802127 9.838341 | [9.913787 | 10.086213 39 
| 22 9.802282 9.838237 | [9.914044 | 10.08 5956 38 
23 9.302437 | 9.882133 | 9.914302 10.035698 | 37 
24 | 9.502539 | 9.888030 | [9.914560 | 10.085440| 36 
25 9.802743 9.887926 9.914817 10.08 5183 | 35 
| 26 | 9.802897 | 9.387822 9.915075 10.084925 

27 9.803050 9.887718 [9.915332 | 10.084668 +4 
28 9.803204 9.887614] [9.915590 | 10.034410| 32 
29 | 9.303357 | 9.887510] [9.915847 | 10.084153 31 
30 | 9.303510] 9.887406 [9.916104 | 10.083897 30 


| | ST 1 Tangent | M 


VO RIPRSNRAPDDTENT TOW TS: 
CE aL) 2 2 n 2 


Degree 50. 
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1 1 = ES = GS 3 RL A —, 
Degree 39. 
M | Sine 7, | Tangent | | 
30 9.803510 | 9.337406 | 9.916104 10.08 3895 30 
31 9.803664 | 9.837302 | | 9.916362 | 10.08 3638 20 
32 9.803817 | 9.337198 9.916619 10.083381 | 23 
"29 9.303970 : 9.387093 9.916876 10.083123 27 | 
34 | 9.804123 | 9-337989 | | 9.917134 | 10.042366 | 26 
35 9.304276 9.836384 | 9.917391 (10.082609 25 
36 | 9.804423 9.886780 9.917648 10.082372 244 
37 9.804581 9.886675 [| 9.917905 10.082094 23 
33 9.804734 9-336571 | | 9.918162 | 10.081837 22 
39 | 9.804386 | 9.336466 | | 9.918420 | 10.081580 21 
40 [9.805038 | 9.886361 2.918577 10.081323 20 
41 9.805191 | 9.836257 9.913934. | 10.08 106619 
42 9.805343 9.886152 9.919191 10. 8080918 
43 9.805495 9.386047 | | 9.919448 10.080552 17 
44 | 9.305647 | 9-335942 | 9.919705 10.080295 | 16 | 
45 9.805799 | 9.335837 9.919962 | 10.0800383 | IF 
| 46 [9.80591 [9.385732 | | 9.920219, 107978114 
47 | 9.806103 | 9.885627 | | 9.920476, 10.079524| 13 | 
43 | 9.806254 | 9.535521 | 9.920733 10.079267| 12 
49 | 9.806406 | 9.885416 | | 9.920990| 10.979010| 11 | 
Fo [9.806557 | 9.385311 | 9.921247 10.078753| 10 
51 [9.806709 9.885205 | 9.921503 | 10.078496 
52 9.806860 | 9.385100 | | 9.921760 gud 8 
53 9.807011 9.884994 9.922017 10.079834 7 
#4 [9.307162 | 9.384339 | 9.922274 10.077726 6 
FF [9.307314 9.884783 | 9922530] 0.077469} F 
76 | 9.307464 | 9-334677 | | 9.922787 | 10.077213| 4 
57 9.807619 | 9.354572 9.923044 | 19.076976 3 
1 $3 | 9.897766 | 9.334465 | | 9.923300 | 10.076699| 2 
F9 | 9.307917 | 9.334360 | [9.923557 | 10.076443| 1 
60 | 9.803067 | 9.384254 | [9923313 | 10.076186] o| 
] Sine | | Tangent | 


|= 


: 
[ 
[* 
| 


£- iſ 


= 


© a e = 


10 


9.808218 
9.808 368 
9.308519 
9.303669 
9.503319 
9.308969 
9.809119 
9. 809269 
9.809419 
9309569 
9.809718 


9.8 10017 
9.810166 


9.810316 
9.810465 


9.810614 
9.310763 
9.310912 
9.311061 
9.311210 
9.311358 


9.8115c6| 9. 
9.811655 


9.811804 
9.311952 


9.584148 
9.884042 
9.333936 
9.88 3829 


9.883617 
9.883510 
9.88 3404 


9.383934 


9.809868 9.332.977 
9.382871 


9.882764 


9.882550 


9.832336 
9.382228 
9.382121 


9.881477 
9.88 1369 


9.581045 


Sine 


9.883723 | 


9.883297 
9.333191 | 


9292077 | 


9.832443 | 


9.331261 | 
9.831153 | 


9.924070 


| 9.924327 
9.924533 


9.924839 
9.925056 


| 9.925352 


9.92. 5609 
9.925865 
9.926121 
9.926378 


9.926634 | 


9.926890 
9.927147 


| 9.927403 
 9:927659 


9.927915 
9.928171 


9.928427 
9.928683 


9.929196 


9.929472 


0.929708 
9.929964 


9.930219 


9.930475 
9.930731 
9.930987 


| 9-931243 


9.931499 


10.075930 


10.075673 


10.075417 
10.075160 


10.024904 
10.074647 


10.074301 


10.074131 
10.073878 
10.073622 
10.073366 
10.073110 


10.072853 
10.072597 


10.072341 


10.072085 
10.071829 


10.071573 
10.071317 
10.071c60 
10.070804. 
10.070548 
10.070292 
10.070036 
10.069781 
10.069525 
10.069269 
10.069013 


10.068 501 


{ 


10.0637 57 
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Degree 40. 


Sine 


212855 
9.812692 
9.812840 
9.312983 
9.813135 


9.813283 9. 


9.813430 
9.813578 


9.313725 


9.314.900 
9.315046 
9.315193. 
9.315329 
9.315435 
9.315631 
9.515777 
9.315923 
9.316069 
9.316217 


9.16361 


9.8 165C6 
9.316652 
9.816797 
9.316943 


9.379429 


9.379311 
9.379202 
9.379093 
9.387393 4 
9.379375 
9:378766 


9.875547 
9.878438 
9.373325 


9.878219 
9.878109 
9.877099 
9.877800 


Sie 


9.878656 


| 9.377730 | 


9:931499 


| | Tangent | 


1088781 


9.931775 


9.932010 


9.932266 
9.932722 


| 9-932778 
| 2-933033 


9.933239 


9.93347 


9.933300 
2334076 
9934311 
9.934767 
9.934822 
9.935073 


9.927333 
9.935789 


9.937124 
9.937376 


9.937632 
9.927887 


9.938142 
9.938397 
9.933653 
9.933G03 


9.929163 


— — ᷑„V 


10.068245 
10.067989 
10.067734 
10.067478 
10.067222 
10.066967 
oy > 
10.066 155 
10.066200 
10.067044 
10.065688 
10.065433 
10.065177 
10.064922 
10.064666 


10.564411 


10.063645 
10.063389 
10.063 134 
10.662879 
10.062622 
10.062363 
10.062112 
10061353 
10.061602 
10.c61347 


10.660337 


Tangent 


| 


10.064156 
10.063000 


10.c610g2 | 


— 


Z | 0 = www Aw oo 


Degree 49. 


C1 


* 
* 


Degree 41. 
MI Sine | | Tangent | 75 ö 
FF 
19.817088 9.877670 9.939418 10.060582 59 
2 | 9.317233 | 9-377560 | | 9.935673 10.060327 FB 
| 31 9.817353] 9377450 | 9.939928 10.060072 | 57 | 
49.817523 9.877340 | 9.940183 | 10.059816 | 56 
2.817668 | 9:377230 | | 9.940438 | 10.059562 | 55 | 
6 9.81781 7 9.877120 9.940693 10.059307 544 
719.8179578 9.877009 | 9.940948 | 0.059052 | 53 
89.818103 9-376359 | [9.941203 | 10.058797 | 52 
99.818247 9.376789 9.941458 10.058542 | F1 
10] 9.813392 | 9:376678 | [9.941713 | 10.058287 | fo 
| 11] 9.818536 | 9.376568 9.941968 10.058032 | 49 
12] 9.318631 | 9.376457 | 19.942223 | 10.057777 48 
13 9.319325, 9.876347 | [9-942478 | 10.057F22 47 
114 9.313969 | 9.876236 9.942733 10.057267 | 46 
15} 9.818131 9-976125 4 [9.942988 | 10057012 | 4FÞ 
16] 9.819257 9.376014 | | 9.943243 10.076777 44 
| 17] 9.819401 | 9.875904 | | 9.943498 | 10.056502 | 43 
19 9.319535 9.375793 | 9.943772 10.056248 42 
1919.319689 9.375632 | 9.944007  10.055993 | 41 
| 20| 9819832] 9875571 | |9.944262 | 10055728 | 40 
21 | 9.319976] 9.575459 | [9.944517 | 19.955433 | 39 
22 9.820119 9.375348 9.944771 | 10.055229 | 38 
| 23| 9320263 | 9375237 | 9.947026 10.054974 | 37 
| 24| 9.820406 9.375125 | [9.945231 | 10.054719 | 36 
| 2# | 9.320549] 9.375014 | [0.945535 | 19:954464 | 3F | 
26 | 9.320693 | 9.374903 | | 9.945750 | 10054210 | 34 
2719.820836 9.874791 9.946045 10.053955 33 
23 | 9.820979 9.874679 | | 9.946299 | 10.053701 32 
299.8211220 9.374563 | | 9.946554 | 1.53446 31 | 
28 9821264] 9574466 | | $,046368 | 10053192 | 3o| 
' I Vine Kg | Tangent M 
Degree 48. 


Degree 41. 
M Sine . — Tangent | 
30 (9.321264 [9.374456 | | 9.946308 | 10.053192 35 
| 31 [9.321407 | 9.374344 9.947063 | 10.052937 | 29 
32 9.821570 | 9.374232 9.947317 | 19.052682 23 
| 33 [9.321692 | 9.374120 | 9.947772 10.052428 | 27 
34 | 9.321335 | 9.374003 | 9.947826 | 10.052173 | 26 
35 9.321977 9.373396 | 9.943031 | 10.051019| 25 
36 9.322120 | 9.373734 | | 9-943335 | 10.051664 | 24 
27 |9.322262 | 9.373672 | 9.943 7900 10.051410 23 
38 [9.322404 | 9.373560 | | 9-943844 | 10.051156 22 
39 19.822546 | 9.873447] 9.949099 10.050901 | 21 
| 49 9.322633 1 9:372325 9.949353 10.050647 20] 
41 | 9.822330 9.373223 | | 9-949607 | 10.050393 | 19] 
42 | 9.322972 | 9.873110 | 9.949862 | 10.050138 | 13. 
43 | 9.823114 | 9.372998 | 9.950116 | 10.049334.| 17 
| 44 |9.823255 | 9.372385 | 9.970370 10.049630 16] 
[45 [9.322397 | 9372772 9.950625 10.040277 IF 
46 | 9.822533 | 9.372659 |. | 9-950379 10 4 . 144 
47 | 9.322630 9.872746 9.951133 10.043367]13}] 
148 9.323821 | 9.372434 | 9.951333| 10.043612 |12| 
49 | 9.323962 | 9.372321 | | 9-951642| 10.043358 | 11 
50 [9.824104 | 9.372203 | | 9:951396 | 10.093104 10 | 
51 |9.824245 | 9.372094 | 9.972170 10.047870 9] 
52 | 9.824386 | 9.871981 | | 9-952494| 19.047575] 5]. 
53 [9.824527 | 9.871863 | 9.972679 10.047341 | 7 
| 54 | 9.824667 | 9.371755 | | 9952913] 10.047087 | 6 
FF 9.324808 9.871641 | 9:95 3167 10.046333 FÞ- 
56 | 9.824949-] 9.371523 | | 9-953421 | 10.046579] 4 
| 57 [9.825090 | 9.871414 | 9,5367 10.046327 3 
$53 [9.825230 | 9.371301 | |9-953929 | 10.046071 | 2 
159 827370 | 9.371187 9.954183 | 10.045817] I| 
6o [9.825511 | 9.871073 | [9954437 | 19:045563 | © 
|. | Tae | Sine Is | Tangent | M 
| Degree 48. 3 


"01+ 


Degree 42. 


Sine I Tangent | | 


5 9.825511 9.871073 9.954437 10.045 562 60 
9.825651 | 9.370560 | | 9.954691 | 10.045308| 59 | 
9.325791 | 9.870346 | | 9-95494F | 19-045054 | FS 
0.325931 | 9.870732 | 9.955199 10.0445c0 | 57 | 


M 

_c 

1 

2 
; 9.826071 | 9.370618 | | 9.955453 10.044546 56 

15 

6 

7 

8 

9 


0.826211 | 9.370504 | |9-95F707 10.044292 FF 3 
9.826351 9.870300] 9.95061 [10.043038 | 54 Þ 
9.826491 | 9.870275 | 9.956215 10.043784 53 | 
9.826631 | 9.870161 | 9.956469 | 10.04.3531 | 52 


We, 
O0 
2 
A 

AA 

JI 
O 


| 9.870047 | |9-956723 | 10.043276| 51 | 
| 10 | 9.326910| 9.369933 | | 9.956977 | 10.043023| FO | 
| 11 | 9.827049 | 9.869813] 9.957231 10.042769| 49 | 
12 9.827189 9.86 704 0.957485 10.042517 48 | 7 
13 | 9.827328 | 9.869589 |0-957739 | 10.042261 | 47 . 
| 14 | 9.327467 | 9.369474 | 5.907993 10.042c07| 46 | Þ 
TIT 9.827606 9.899260 9288246 10.041753 45 FE 
9.869245 9.9580 10. 5co| 44 
9.369130 9.958754 10.041246 43 
1189.828023 9.869015 9.908 10.4092 42 
11919. 9.8689 9.959262 10.040738 41 
20 | 9.528301 | 0.863785 | [9959515 10.040487 42 
21 | 9.828439 | 9.863670 | |9-959769| 10.040231 | 39 | 
22 | 9.828578 9.868555 9.960023 10.039977 38 
23 9.828716 9.868439 9.960277 10.039723 37 | 
24 9.828855 | 9.863324 | 9.560530 10.039469 36 
| 25 9.828993 0.863209 | |9.<60784 10.039216 31 
26 C. 829131 9.868093 9.961038 10.038962 34 | 
| 25 9.829269 0.867978 | | 9.561291 | 10.038608 33 
23 | 9.829406 | 9.867862 | 9.561545 10.038451 32 
29 | 9.829545 9.867747 9.561799 | 10.038201 | 3! 
20 9.829633 0.367631 0. 6202 10.027047 20 


e e 15 > 


| Side 1 Ah | Tangent | M | 


—— 


Degree 47. 


PFE A ]“ m .;!) Do Ie rn Ai 


— 


Degree 42. 


—ů— — 


j M | Sine | ; Tangent ET 


| | 301 9:329633 | 9.367631 | [9.<62052 | 10.037977 | 30 | 
© | 31 | 9.829821 9.867515 | 9.562306 | 10.637694 | 29 | 
| | 32 | 9.329950 | 0.867309 0 | 10.037440 | 23 | 
33 | 9.3300c6 | 9.867283 | 9.962813 10.037187 | 27 | 
34 [9.330234 |9.367167| | 9.963c67 | 10.036933 | 26 
137 | 9.330372 | 9.867051| | 9.563320 | 10.036680 | 25 
* | 36 | 9.830509 | 9.366935 | | 9.963574 | 10.036426 | 24. 
37 | 9.330646 | 9.8668 19 | 9.963327 | 10.036172 | 23 
33 | 9.830784. | 9.366703 | | 9.564081 | 10.035919 22 | 
| 39 | 9.330921 | 9.366586| | 9.564335 10.035665 | 21 
40 | 9.331058 9.866470 | 9.564588 | 10.035412 | 20 | 


41 9.831195 9.866353 9.964842 10.035158 | 19 
42 | 9.831332 | 9.866237 | 9.565005 10.034905 | 18 | 
43 | 9.331469 | 9.366120| | 9.965348 | 10.034652 [17 | 
| 44 | 9.331606 | 6.366004 | | 9.c65602 | 10.034398 | 16 | 

| 9.331742 9.365887} |9.c6585y5 | 10.034144 | IF | 
46 | 9.331379 | 9.865770 | | 0.c65109 | 10.033891 | 
47 | 9.832015 | 0.365653 | | 9.966262 | 10.033633 | 13 | 
48 | 9.822152 |9.865536| | 9. 10.033334 | 12 
49 | 9.832238 | 9.865419 | 9.566869 10.023131 | 11 | 
Fo | 9.832425 9.865302 9.067122 10.022878 | 10 
| 51 | 9.332561 9.865185 | 9.567376 | 10.032624. 
F2 | 9.322697 | 9.865c63 | 9.567629 | 10.032371 
F3 | 9.332823 | 9.864550 | | 9.967883 | 10.032117 
54 9.832969 9.864872 | | 9.568136 | 10.031864. | 
J | 9.833105 | 9.864716 | 9.968389 10.031611 | 
56 | 9.333241 | 9.364503 | [9.563643 | 10.031357 
57 | 9.833376| 9.864480 | | 9.96388c6 | 10.031104 
58 | 9.832512 | 9.864363 | |9 969149 | 10.030851 
F9 | 9.333643 | 9.864245 | |9.969403 | 10.030597 | 
60 | 9.833783 | 9.864127 | [9.069656 | 10.030344 

6 — — 14 — C—— 


| 1 Sine wv 5 | Tangent 
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Degree 7. 


— 
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.. Degree 43>: 
| =. 11 | | ; 
9.864127 | |9.969656.| 19.030344 
9.364010] [9.969909 10. 03009 
9.363392 | [9.970162 10.029828 FB | 
9.363774 | [9.970416 | 10.029584 | 4 
9.863656 | | 9.970669 | 10.029331 | 
9 334460 9.363 537 | | 9-970922 | 10.029078 
9.334595 | 9.363419] [9.971175 | 10.023827 
[9.334720 | 9.363301 | 9.971428 | 10.028571 
9.334365 | 9.363133 | [9.971682 | 10.023318 
9.334999 | 9.363064 | | 9.971935 | 10.028065 
9.335134. 9.362946 | | 9.972188 10.022312 fo 
x | 9.335269 | 9.362327 | 19.972441 | 10.027559 | 49 
| 0.835503 | 9.362709 | | 9.972694. | 10.027306 | 43 
9.335738 9.362590 9.972948 | 10.027052 | 47 
9.825672 | 9.362471 1 [9.973201 | 10.026799 | 46 
9.325306 | 9.362353 9.973454 10.026546 | 4F 
9.335941 | 9.362234 | | 9.973707 | 10.026293 | 44 | 
9.836075 | 9.362115] | 9.973960 | 10.026040| 4.3 | 
9.336209. 9.361996] 9.974212 10.025787 | 42 
9.326243 | 9.861877] | 9.974.466 | 10.025533| 41 
9.336477 | 9-361757 | 9-974719 | 10.025280 | 40 
9.336611 | 9.361638] | 9.974973 | 10.025027 | 39 
9.836745 9.861519 [9.975229 | 10.024774| 38 | 
| 9.336378 | 9361309] [9.975479 | 10.924F21 | 37 
9.337012 | 9.861280] | 9.975722 | 10.024268 36 
9.837146 9.861161 | [9.975985 | 10.02401F| 35 
9.337279 9.861041} | 9.976238 | 10.023762| 344 
9.337412 | 9.860921 | | 9.976491 | 10.023509| 33 | 
9.337546 | 9.360802 | | 9.976744 | 10.023256 | 32 
9.337679 | 9.360632 | | 9.976997 | 10.023003 | 31 
9.837812 | 9.860562 | | 9.977250 | 10022750 | 30 
| | Sine [ | | Tangent M 
Degree 46 
Me — — = — | Ay aaa 


— NA ¹mm ACOSTA mm ̃ ⁰ r 


* > . y * — 2 r 3 
: 8 * 5 = ot . N © , 22 ts F © LED * wing > 4 r 4 IEEE: FP 
" - : >. Fe r 5 5 1 2 rr Be 8 5 AR OTE & $4 Nn PR 2 N r R 8 43 + uo TE ES Ae a et n - 
6 £ G 3 IPOS > yn PR. n I WE IS 2% Teen in 3 EM ne . n R e 5 e * * F N & ! ä 
* a : * J F KK, 3H Lee rh SY, 8 2 PA, FR; CE 5 3 * F N * * 6 4 0 N : a g 1 0 . 1 3 1 5 S ©: 2 * 297 
N n 1 r EE ORE c 2 Ho PORTS c . WR WS * , 5 1 a : ; Ab i 8 33 g 8 : AY So oo £5 SR 
e a IS ON LE AD Ee n e r FFC > * * 4 8 4 8 8 . . . : — 
tonnes Kees Bagh”. ah SC OO 3 JC A EDO IRLS 7 I ORD "179 3 8 1 8 ah As TT CER SY 


3 FO 4&3 58 


+ 
* 
* 
* 
A 
"0 
. 
KY 
_ 
1 . 
>; 
. 
kl 
Y 
 . 
- 8 
S 
N . 
PR. - 
"= 
© 
- "3 
5 
7 
<Y * 

1 
- 7 
* 

3, 
_ 
* 
4 
* 
. 
. 

. Pg. - 
. 
RE, 
- 00 
- . 
* 
by. 

<ul 
4 * 
*. 
2 
* 
E 
r 
<4 
i: 
2 
6; 
vs 
Ve# 
- 
. 
3 
"= 
0 * 
M 
A 
„ 
3 
3+ 
. 
. 1 
* 
7 
1 
eV 
42 8 
5 
"Ms 
, 
os > 
* 
1 
n 
3% 
ING 
: + 
8 
. 
» 
. a 
OY! 
5 
. 70 
— 
3 
* 
ed 
8 
2 
5 72 
> 
1 
5 
+1 
. 
INH 
vane 
8 
av» 
"oe 
5 
9 
* 
DD 
4 
74 
2 
5 
3 
" 
"> 4 
3h 
. 
55 
LPs 
bis 
a8 
$5 
Ws 
+ 
* 
1 
T 
2 
IX 
8 
1 
mo 
8; 
£3 
5 
8 
5 
« 
Fg 
5 


Degree 43. 


Tangent 


Sine Tangent 
30 9.337812 9.360562 9.977250 10.022750 30 
31 | 9.337945 | 9.360442 | | 9.977502 | 10.022497 29 
32 | 9.838073 | 9.360322 | | 9.977756 | 10.022244 28 | 
33 | 9.338211 | 9.860202 | 9.978009 19.021991 | 27 
1 34 | 9333344 | 9.560032 | | 9.978262 | 10.021738 | 26 
35 | 9-338477 9.359562 9978715 19.821487 | 25 
36 | 9.838009 | 9.359842 | | 9.973768 | 10.021232 | 24. 
37 | 9-333742 | 9.359721 | | 9.979021 |10.020979 | 23 | 
33 | 9.338875 | 9.359601 | | 9.979274 | 19-020726 | 22 
39 | 9.839007 | 9.859480] | 9.999527 | 10.020472 | 21 
| 42 | 9-339140| 9.859360 | 9.979780 19-020220 | 20 
| 47 9.839222 | 9.859239] | 9.980033 | 10.019567 | 19 | 
42 | 9.839434 | 9.359118] | 9.980285 |10.019714 118 | 
43 | 9:339536 | 9.358998 | | 9.980538 | 10.019461 [17 
44 | 9.335668 | 9.8538771 | 9.980791 | 10.019209 | 16 
| 4 |9-339800 | 9.858756] | 9.981044 [10018950 | 15 
| 46 | 9.339932 | 9.858639] | 9.981257 | 10.018703 | 14 
47 | 9.340064 | 9.353514] 19.981550 10.018450 13 
43 | 9.340156] 9.858398} [9.931803 | 10.018197 [12 
49 | 9.840423 | 9.358272 | 9.982056 10.017944 | 11 
| Fo | 9.340459 | 9.358150] [9.982309 10.017691 10 
51 9.840591 9.858029] | 9.982562 [10.0174.38 | 9 
52 | 9.840722 [9.857508 | | 5.932814 [10.01718F | 8 
| 53 | 9.340854 | 9.357736] 9.98 3067 10.016933 7 
#4 | 9.840985 | 9.357665 | 9.983320 10.016633 6 
8 | 9.841116] 9.357543 | [9.983573110-916427 | F | 
56 9.841247 9.857421 | 9.983826 10.016174 4 
57 | 9.841378 | 9.857300 | [9.984079|10.015921 | 3 
| 58 [9.841509] 9.857173 | 9.984331 10.015668 2 
F9 | 9.841640 | 9.357056 | [9.984534]10.015416 | x | 
bo | 9.84177 | 9.356934 | 19.984837 [10015163] a | 
| 4 Sine | M 


Degree 46. 


1 


— OY tt. AN. ao ttt IF 


SOS OA -o 


12 


| 


Degree 7 


Sine 


9.341771 | 
9.341902 [9 


9.342033 
9.342163 


9.342294. 


9.342424 8 
9.842755 


9.342685 
9.342315 
9.342947 
9.843076 


9.856073 
9.355956 
9.355533 
9.355710 


9.34.3206 
9.343336 


9.343465 


9.343595 


9.843725 


9.343555 
9.343984 
9.344114 
9.344243 
9.344372 


9.344502 


9.344631 


| 9-344760 


9.344359 
9.745015 
9.845147 
9.845276 


9.345404. 


9.345533 
9.345662 


9.355533 
9.355465 
9.355342 
9.855219 
9.355096 
9.354973 
9.354350 
9.554727 
9.354603 
9.354430 
9.354356 
9.354233 
9.354109 


9.353986 | 
9.373862 


9.353733 
9.353614. 
9.353490 
9.353366 
9.373242 


— — 


Sine 


| 


9.356201 | 


| 


Tangent 


| 9.990145 


9.990393 
9.990651 
9.990903 


9.991409 
9.991669 
9.991914 
9.992167 
9.992420 


| 


9.991156 


10.01 F162 


10.014910 
10.014657 


96 10.014404 
8 10.014151 


10.013899 
10.013646 


10.013393 


10.013140 


10.012888 
10.012635 


10.012382 
10.012129 
10.011877 
10.011624 


10.011371 


— — 


10.011118 


10.010866 


37 10.010613 
10.010360 


10.010107 


10.009855 


10.009602 
10.009349 
10. 9 
1 [0.003 844 
10.008 591 


10.008 338 
10.008086 


10.007833 
7780 


Tangent 


10. 


: Degree 45. | 


Degree 44. 
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Fine Tangent 
De S e e 
9.345790 9.853118] | 9.992672 | 10.007328 29 
z | 9.345919 9.372994 9.992927 10.007075 23 
9.846047 9.852869 | 9.993173 | 10.006322| 27 
34| 9.346175 | 9-352745 | | 9993430 | 19.006565] 26 
35 | 9:846304 | 9.552620 | | 9.993633 | 1886317 25 
36 9.846432 9.852496 | 9.993936 | 10.006064| 24 
| 37 | 9346560 9.852371 | | 9.994189 | 10.005811 23 
38 9.346688 9.852246 | 9:994441 | 10.005559] 22 
39 9.346316 [9.852122 | | 9.994694. | 10.005 306] 21 
[42; 9346944 | 2.351997 | _9-994947 | 19.005053] 20 
[41 9.347071 | 9:351872 | | 9.995199 10.004801 19 
42 9.347199 | 9.351747 | | 9.995452 |10.004543] 18 
| 43 | 9.347327 | 9.851622 | 9.995701 | 10.004295] 17 
44 9.847454 | 9-351497 | | 9.995957 | 19.004043] 16 
45| 9347582 | 9-351372 | | 9996210 | 10.903700] IF 
46| 9347709 | 9.351246 | | 9.996463 |10.003537] 14 
47 9-347336 | 9.31121 | | 9.996715 10.003285 13 
48 9-347964. | 9-350996 9.996963 | 19.903032 | 12 
49] 9.343091 | 9.350370 | | 9.997220 | 10.002779| I 
Fo 9.343218 9.350745 9.997473 | 19.992F27] 10 
t $1] 9-848345 | 9.350619 | | 9.997726 | 10.002274| *9 
52| 9.848472 9.850403 | 9.997979 | 10.002021] 8 | 
539.8485799 | 9.850367 | | 9.998231 | 10.001769] 7 
74 9.848726 9.350242 9.998484 10.001516 6 
75 9.843852 9.870116 9.998737 19.001263 N 
56 9.348979 9.849990 9.998989 10.00101I| 4 
59.849106 9.349864 | | 9.999242 | 10.000778 3 
| 58 | 9-349232 9.349737 | 9-99949F | 10.00050F| 2 
| 59| 9-349359 9.349611 | 9.999747 10.000273 1 
' | 60] 9.349435 9.349455 10. 0000 | 19.000000 | - © 
255 a [ Sine | Tangent M| 
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Some BO 0 KS Fried for and Soll by 
W.FREEMA v, at the Bible in Fleet-ſivect, 


Here is newly Printed an Excellent Book, Entituled, : 
Arithmerick Or the Ground of Arts, Teaching that 

Science both in Whole Numbers: and practions: To which 
is added a New Treatiſe of Decimals, Tables of Simple and 
| 12 Intereſt, Ge. By Edward Hann, Philomercat. 

rice 3 . 

The Elements of Euclid Explain'd, ina New, but moſt 
: Ea ſie Method : By hor 5 div ician, 1 F. 

Millet de Chales, 
Engliſh. P. i e 4 4 | 9 
A New Method of Fort 18 F: '[, Vauban, 
Txgineer- General of A | 
ſtrated with 32 Copp 

The Gentleman's L 
lating to the Riding © | 
Miitary Art, Artillery, 8 _ 1 and Va. 
val Afﬀairs. Written by the Sieur Guilter, and Dedicated 
to the Dauphin z With large Additions, Alterations and 
| Improvements, and above Forty Cuts that were not in the 
Original. Price 5 5. 
The Compleat Horſeman, or Perſect Farrier; In Two 
Parts. I. Diſcovering the ſureſt Marks of the Beauty, 
Goodneſs and Imperfections of Horſes, the beſt Method of Þ| 
Breeding Colts, making their Mouths, Dieting and Order- | 
ing of Horſes, Part II. Contains the Signs and Cauſes of 
their Diſeaſes, and the beſt Merhod of Curing them. Writ- 
ten in French by the Sieur de Sollyſell, Querry to the 
preſent French King, and one of the Royal Academy of 
Paris. Abridg'd from the Folio done into Engliſn, b 
Sie i Hope; With large Addicions, and Directions 
to the Buyers and Sellers of Horſes, in 8** Price 5 5. E 

A Compleat Guide for Fuſtices of the Peace, In Two Parts; 
Continued down to the End of the Laſt Seſſions of Par- 
liament, 1706. With large Additions and Improvements, 
and Two Orders of Seſſions, One for Limiting the Wages 
of ſeveral Artificers, Labourers, Servants and Husband- 
men; The other for Setling the Rates to be given to 
Carriers for Carriage of Goods, c. never before Printed . 
in any Book of this Kind. By J. . of the Middle. Temple, 
Barrilter. Price 6 _ 


I Terms re- 


The 


BO ON S Sold 77 W. Freeman. 


| The Laws againſt Bankrupts Explain'd, by ſeveral Caſes, 
= Reſolutions, Judgments and Dzcrees both at Common Law and 


in Chancery; With Directions for Commiſſioners and pre- 
 cedents, fit for the Peruſal of Lawyers, Merchants and 
Tradeſmen: By Tho. Goodinge, Serjeant at Law. Price 5 s. 
 Syſtema orti-culturæ; Or the Art of Gardenin : In Three 
Books. Treating of the Excellency, Situation, Soil, Welke, 


Cre. and other Ornaments of Gardens ; With many Rules | 


and Directions concerning the ſame. "of Winter-Greens, 
Flowers, c. of the Kitchen-Garden; With Inſtructions 
for making Hot-Beds, altering and enriching any fort of 
Garden-Ground, Cc. to a very great Improvement of every 
ſort of Land for Uſe- and Profit, Ornament and Delight. 
Illuſtrated ;with Sculptures, | The Fourth Edition: By 
J. Horlidge, Gent. Price 2:8. G d., 

The Devput Communicant: 'Excmplified in his B kavious; 


Before, At, and After che Sacrament of the Lord's Supper 3 


practically ſited to all! the Pär ts of that ſolemn Ordinance. 
The Ninth Edition. Price 15. 6 dl. 


The Whole Duty of a Chriſtian : Conmining all things ED) 


ceſſary, both as to what He is to Know and Do for obtaining 
a Happy Eternity. Price 13. 6 d. 


An Infallible Way ro Contentment ; Ia Two Parts Compleat. 


Price 24. 
An Expoſ tion of the Church-Catechiſm, with Scripture- 
Proofs in Words at Length. The Second Edition. Pr. 1 s. 6d. 
The Church of England's Communicant, Dirc&cd and Af- 
ſiſted by the Publick Liturgy, in 24 Price 6 d. 


The Terrible Sto-my Wind and dey which hapned 


Nov. 27. 1703. Confider'd, and ought 10 be had in Ever- 
laſting Remembrance; To which i is added Fair Warning to a 


Careleſs World. Price 6 d. Theſe Six were all Written bß 


the Author of the Devour Communicant. 


A Dilcourſe concerning the Certainty of a Future and 
Inmortal State. In ſome Moral, Phyfiological and Religious 


Confiderations. By a Doctor of Phyſich. Price 2s. 6 d. 


A Manual of Private Devotions, with Directions for the 
Sick: By the Right Reverend Father in God, J. Andrews, 


Late Biſhop of Wincheſter. Price 1 5. 6 d. 


New Obſervations on the Natural Hiſtory of this World of 
Matter, and this World of Life; Being a Philoſophical Diſ- 


courſe, grounded upon the Moſaick Syſtem of the Creation 


and the Flood; Wich ſome Thoughts concerning Paradiſe, 
the Conflazration of the World, a Ticatiſe of a 
me 
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BO OAS Sold by W. Freeman. 
ſome Occaſional Remarks upon ſome late Theories, Conferences 
and Eſſays. Price 28. 6 d. = | | 

The Anatomy of the Eggth, in 4** Price 6 d. Theſe Two 


were Written by Tho. Robinſon, Rector of Oiuby in Cumberland, 
A Diſcourſe of Natural and Reveal'd Religion. By Mr, 


T. Nourſe, in 8%. Price 25. 6 l. | 


The Law of Nature and Nations : Written Orjginally in 


Latin by S. Puffendorf, Councellor of State to the late King 


of Sweden. Done into Engliſh by Mr. Kennett, In Folio, 


Price 1 J. | 


A Compleat Hiſtory of England, from before the Conqueſt 
to the Death of King William the Third; With the Effigies 


of all che Kings and Queens, Corioully done by the beſt 


Hands. In Three Volumes, Folio. 3 
The Whole Critical Works of Monficur Rapin, In Two 


Volumes: Done into Englith by ſeveral Hands. Prite 12 5. 
The Compleat Body of Surgery by Vaugion, In 8%. Price 6 s. 
The Compleat Surgeon, with a Treatiſe of Bandages, and 
many Copper Cuts: By Monſieur Le Clerc. Price 4 s. 6 d. 


The Anatomy of Humane Bodies Improv'd, according to 


the Circulztion of the Blood, and all the Modern Diſcoveries : 
By Monſienr Dionis, Chict-Surgeon to the late Dauphineſs, 


and tne prefent Dutcheſs of Burgundy : Done into Engliſh 


and Illuſtrated with Figures. Price 6 5. 


The Roman Hiſtory, In Four Volumes Compleat. Pr. 1 1. 
- Charron of Wiſdom : Done into Engliſh by the Reverend 
Dr. Stanhope, Dean of Canterbury. In Two Volumes. 
Quarles's Emblems, a Curious Edition thereof. Price 5 s. 
Steps of Aſcenſion to God : By the Famous Cardinal Bei- 


 Lirmine, Done into Engliſh and Reformed, by the Reverend 


Mr. Hall of Hampſtead. Price 28. 6d, + 
A New Voyage to the Levant. Price 5 5. 8 
A New Voyage to Italy, In Two Volumes. Price 125. 


A New High German Grammar : By Mr. King, Maſter of 


that Language in London. Price 2 . 

Miege's Laſt and Beſt French Grammar, In 8% Price 2 58. 
— His Grammar for Foreigners to Learn Engliſh Pr. 2 6. 
A New Treatiſe of | Arithmetich :. In Three Parts. The 
Firſt, Containing all the Common Rules of. Arithmetick, in 


Whole Numbers and Fractions, both Vulzar and Decimal, 
The Second, The Demonſtration of thoſe Rules. The Third, 


The Uſe and Application of it in the Exchequer, Cuſtom- 


Houſe, Exciſe, Pay-Offices, &c. With: ſome Practical Rules, 
Notes and Queſtions nor hitherto Publiſhed, By W, Alingbam, 


Teacher of the Mubemat icke. In 8% 
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